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Description 

[0001] This invention relates to an internal combus- 
tion engine of the four cycle type, comprising a cylinder 
having a cylinder bore with a piston slidabty received 
therein to define a combustion chamber, an intake pas- 
sage arrangement for supplying air into said combustion 
chamber and an exhaust passage arrangement for dis- 
charging combustion gas from said combustion cham- 
ber, at least one intake valve and one exhaust valve for 
opening and closing the communk:ation of said intake 
and exhaust passage arrangements with said combus- 
tion chamber, said intake passage arrangement being 
provided with a second control valve means disposed 
upstream from said Intake valve, for opening and cbsing 
the Intake passage arrangement at least partially, said 
second control valve means being opened and closed 
substantially anti-cyclically with respect to the intake 
valve, i.e. said second control valve means being 
opened when said intake valve being closed and being 
closed when said intake valve being opened, a first con- 
trol valve means being provkJed for varying the volume 
of a portion of the intake passage arrangement up- 
stream from said intake valve and downstream from 
said second control valve means. 
[0002] In the 4K:ycie engine, it is inevitable that the 
work for exchanging the combustion gas for a new 
charge (work for discharge and intake) occurs as the so- 
called pumping loss at the end of each cycle. The pump- 
ing loss reduces thermal efficiency of the engine and 
prevents fuel economy from being improved. In partic- 
ular in the low load operation range, since the amount 
of intake is reduced by throttling, the discharge work re- 
duces. On the other hand, the pumping loss increases 
because of a reduced pressure in the intake passage. 
[0003] The so-called Miller cycle is proposed to re- 
duce the pumping loss due to the negative pressure in 
the low load operation range. 

[0004] The Miller cycle engine is the engine of a re- 
duced pumping toss and increased thermal efficiency in 
whteh the intake port is closed in the middle of the intake 
stroke (realizing an early ending of the intake) to shorten 
the intake stroke, and the air taken into the cylinder be- 
fore the piston reaches the bottom dead center (B.D.C.) 
is made to expand to realize a refrigeration cycle. As a 
result, the pumping toss is reduced to Improve thermal 
efficiency, 

[0005] Various improvements of this type of Miller cy- 
cle engine have so far been proposed. 
[0006] In one of such improvements (Refer to Tokkai 
Hei 63-45490), a first intake passage and a second in- 
take passage are disposed parallel to each other at an 
intake port, and the first intake passage is provided with 
a first control valve (a second throttle valve), and the 
second Intake passage is provided with a second control 
valve (a timing valve). The first control valve is closed 
at a tow ksad and opened as the load increases. The 
second control valve is opened before the intake valve 



is opened, and closed before the intake valve is ctosed. 
[0007] With the intake system of the above proposal, 
however, the pumping toss increases because a nega- 
tive intake pressure is produced as the intake passage 

5 is contracted by the second control valve which is ctosed . 
in the mkjdle of the intake stroke at a low toad. . 
[0008] In view of the above, another proposal is made 
(Tokkai Hei 1-305125) which does not control the 
amount of air by closing the second control valve in the 

10 middle of the intake stroke but supplies a suitable 
amount of air on the upstream side of the intake valve 
before the intake valve opens. 
[0009] In the intake control system described above, 
however, as shown in the pressure indicator diagram of 

IS FIG. 48, the pressure on the upstream side of the intake 
valve before the opening of the intake valve is negative. 
As a result, there ia a problem of the pumping toss Wg* 
shown with hatching in FIG. 48 tending to increase at iEi 
tow load. 

20 [0010] An internal combustion engine as indtoated 
above is known from FR-A-243930b. However, this fur- 
ther known internal combustton engine has the same 
problems as indk;ated in Fig. 48: 
[0011] Accordingly, it is an objective of the present in- 

25 vention to provide an internal combustion engine as in- 
dicated above having a minimized pumping loss at least 
under low load engine running conditions and being ca- 
pable of always supplying an appropriate amount of air 
so as to improve thermal efficiency and fuel economy of 

30 the engine. 

[001 2] According to the present invention, this objec- 
tive is pertomied for an internal combustion, engine as 
indicated alx>ve in that said intake passage arrange- 
ment comprises a first intake passage communicated 

3S with the combustion chamber via the intake valve and 
a second intake passage being communicated with sato 
first intake passage upstream from said intake valve, 
said second control valve means is provided for opening 
and closing the second intake passage opening into 

40 said first intake passage, said first control valve means 
is provided for varying the volume of said portion of the 
first intake passage including the communication there- 
of with said second intake passage in response to an 
accelerator operation for controlling the engine, said first 

45 control valve means Is adjustable between positions for 
defining a low volume of said portion of the first intake 
passage for low load conditions of the engine, and po- 
sitions for defining a large volume of said intake passage 
portion for intermediate engine load conditions, and a 

so position for communicating the first intake passage with 
the surrounding in parallel with the second intake pas- 
sage or for communicating the first intake passage with 
a first intake chamber, whereas the second Intake pas- 
sage communicates with a separate second intake 

55 chamber, for high engine load condittons. 

[001 3] At least under low load conditions, external air 
of about atmospheric pressure is supplied through said 
control valve means into the intake passage portion be- 
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tween said control means and the intake valve. As a re- 
sult, when the intake valve is opened during the intake 
stroke, the air of about atnriospheric pressure supplied 
from outskJe is drawn into the cylinder of the engine. 
Since the pressure on the upstream side of the Intake 
valve is kept at atx)ut atmospheric pressure before the 
intake valve is opened, the pumping loss Is minimised 
and thermal efficiency and fuel economy of the engine 
are improved. Moreover, the variation of the volume of 
said intake passage portkxi permits to supply exactly 
the amount of air that is necessary so that the engine 
runs In a stabilised manner with high thermal efficiency 
and fuel economy. 
. [0014] Further, the inverition permits to adjust the 
amount of air supplied to the combustion chamber in re- 
sponse to the acceleration operatbn to control the en* 
gine. 

[001 5] In addition, the Invention assures that sufficient 
. air can be supplied to the combustion chamber under 
high load conditions so as to increase the nmimum per- 
formance of the engine. 

[001 6] Thereby, at least under low load operation con- 
ditions, said second control valve means Is in its cbsing 
position when the Intake valve is open and In its open • 

position either constantly or for a period corresponding, 
to a predetermined crankshaft rotation angle when the 
Intake valve is closed. 

[0017] 'According to another preferred embodiment of 
the invention, a third control valve is provided in the sec- 
ond intake passage upstream from the second control 
valve means for controlling the flow of air through said 
second intake passage in response to the accelerator 
operation for controlling the engine. Particularly In the 
low load range including idling, the amount of air sup- 
plied to the intake passage portion between the intake 
valve and the first and second control valve means can 
be prevented from becoming excessive and the amount 
of air supplied to the combustion chamber is optimised 
even when the minimum volume of said intake passage 
portion cannot be made small enough for structural rea- 
sons. 

[001 8] According to another preferred embodiment of 
the present invention, the second control valve is closed 
when the pressure of air supplied from outside to said 
intake passage portion through said second control 
valve reaches its maximum positive value. Accordingly, 
the intake pressure at the start of the intake stroke is 
increased and the pumping losses further minimised. 
[0019] According to yet another preferred embodi- 
ment of the invention, a fuel injection device is provided 
for injecting fuel, preferably Into the first intake passage 
downstream from the first control valve means and pref- 
erably when the intake valve and the second control 
valve means are in their closing positions, at least during 
load low operation conditions. After a preceding intake 
cycle, when both valves are closed, the fuel is injected 
into the low pressure mixture ren^aining in the intake 
passage portion between the intake valve and the con- 



trol valve means. After the injected fuel and the remain- 
ing mixture are mixed together and rich mixture is pro- 
duced, the second control valve is opened and external 
air of about iatmospheric pressure Is introduced into said 

s intake passage portion so that the air in said Intake pas- 
sage portk)n is subjected to rapid adiabatic compression 
so that the temperature of the mixture raises to acceler- 
ate the evaporation of fuel in the mixture.ahd enhance 
thermal efficiency. 

10 [0020] According to another preferred embddiment of 
the present invention, a third intake passage is provided 
for supplying intake air to a fuel Injection poirtion of said 
fuel injection device.. Preferably, a fourth control valvei is 
provided in said third intake passage for controlling the 

15 air flow therethrough. That permits to maintain a high 
thermal efficiency of the engine by minimisihg the pump- 
ing loss thereof, while the fuel evaporation can be ac- 
celerated and improved. 

[0021] Further preferred embodiments of the present . 
20 invention are laid down in further dependent clainis. 
[0022] Hereinafter, the present invention will be. ex- , 
plained and illustrated in greater detail by means of pre- 
ferred embodiments thereof in conjunction with accom- 
panying drawings, in which: 

2S 

Figure 1 is a schematic cross-section of a basic 
structure of an intake control system of an internal 
combustion engine according to a first embodiment 
of the present invention, 

30 

Figure 2 is a diagram showing the change in a first 
control valve travel relative to the accelerator open- 
ing, 

35 Figure 3 is a pressure indicator diagram for the low 
load range of an engine provided with an intake con- 
trol system according to the first embodiment of the 

invention, 

40 Figure 4 is a cross-sectional side view of an intake 
control valve system of an Internal combustion en- 
gine according to a second embodiment of this in- 
vention, 

45 Figure 5 is a cross-sectional plan view of the intake 
structure according to the second embodiment of 
the invention shown in figure 4. 

Figure 6 is a cross-sectional plan view showing a 
50 drive arrangement of a third control valve of the in- 
take control system shown in figure 5, 



Figure 7 is a cross-sectional view taken aksng the 
line X-X in figure 6, . 

Figure 8 is a diagram showing the changes in the 
first control valve travel and the third control valve 
opening relative to the accelerator opening. 
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Figure 9 is a cross-sectional side view of an intake 
control system of an internal combustion engine ac- 
cording to a third embodiment of the present inven- 
tion, 

5 

Figure 1 0 is a cross-sectionai side view of an intake 
control system of an internal combustion engine ac- 
cording to a fourth embodiment of the present in- 
vention wherein a first and a second intake passage 
are communicated with a common Intake chamber, io 

Figure 11 Is a diagram showing the changes in 
operiings of the first control valve and the third con- 
trol valve of the intake control system according to 
the fourth embodiment shown in figure 10, relative is 
to the accelerator opening. 

. Figure 1 2 is a cross-sectional side view of an intake 
control system of an internal combustbn engine ac- 
cording to a fifth embodiment of the present inven- so 
tion, 

Figure 1 3 is a cross-sectbnal side view of an intake 
control system of an internal combustion engine ac- 
cording to a sixth embodiment of the present inven- 2S 
tfoni 

Figure 14 is a diagram showing the changes in 
openings of the first and third control valves and the 
piston travel of a piston mechanism for varying the 30 
volume of the Intake passage arrangement shown 

in figure 1 3 relative to the accelerator opening ac- * 
cording to the sixth embodiment of the invention. 

Figure 1 5 is a cross-sectional side view of an intake 3S 
control system of an internal combustion engine ac- 
cording to the seventh embodiment of the present 
invention, 

Figure 1 6 is a cross-sectional side view of an intake 40 
control system of an internal combustion engine ac- 
cording to the eighth embodiment of the present in- 
vention, wherein a rotary valve for varying the vol- 
ume of a portion of the intake passage arrangement 
is provided. 45 

Figure 17 is a diagram showing the changes in 
openings of the first control valve and the third con- 
trol valve relative to the accelerator opening. 

so 

Figure 1 8 is a pressure indicator diagram for the low 
load range of an engine provided with a variable 
compression mechanism, 

Figure 1 9 is a schematic cross-section of a basic ss 
structure of an intake control system of an internal 
combustion engine according to the ninth embodi- 
ment of the present invention wherein a control 



vatve associated with a second intake passage is 
operated by a solenoid, 

Figure 20 is a diagram showing the relatbnship be- 
tween the first control valve travel and the second 
control vatve opening operation relative to the ac- 
celerator opening. 

Figure 21 is a diagram showing the changes in the 
opening areas of the Intake valve and the second 
control vatve relative to the crankshaft rotation an- 
gle. 

Figure 22 is a pressure indicator diagram for the low 
toad range of an engine provided with an intake con- 
trol system according to the ninth embodiment of 
the present inventton, 

Figure 23 is a schematk: cross-sectbn of a basis 
structure of an intake control system of an internal 
combustion engine according to a tenth embodi- 
ment of the present invention, generally similar to 
figure 1, wherein a specific control system for the 
fuel Injection is provKled. 

Figure 24 is an enlarged partial cross-sectional view 
. of an intake control system for a four cycle engine 
according to the embodiment of figure 23, 

Figure 25 is an enlarged partial cross-sectional view 
of a fuel injection device for a four-cycle engine ac- 
cording to the embodiment of figure 24, 

Figure 26 is a graph showing openings of valves 
and intake pressure characteristics relative to a 
crankshaft rotation angle. 

Figure 27 is a diagram showing the change in the 
first control valve travel relative to the accelerator 
opening according to the tenth embodiment of the 
preceding figures 23 to 26. 

Figure 28 is a pressure indicator diagram for the low 
load range of an engine provided with the intake 
control system according to the tenth embodiment 
of the invention of figures 23 through 27, 

Figure 29 is a cross-sectional side view of an intake 
control system of an internal combustion engine ac- 
cording to an eleventh embodiment of this inven- 
tion. 

Figure 30 is a cross-secttonal plan view of the intake 
structure of the engine according to the embodi- 
ment of figure 29, 

Figure 31 is a cross^ectional plan view showing a 
drive arrangement for a third control valve accord- 
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jng to the eleventh emtxxliment of the invention, 

Figure 32 is a cross-sectional view taken along the 
line X-X in figure 28, • 

Figure 33 is a diagram showing the changes in the 
first control valve travel amount and the third control 
valve opening relative to the accelerator opening 
according to the eleventh enibodiment of the pre- 
ceding figures 29 through 32, 

Figure 34 Is a cross-sectional side view of an intake 
control system of an Internal combustkm engine ac- 
cording to a twelfth embodiment of the present In- 
vention, 

Figure 35 is a cross-sectional side view of an intake 
control system of ari Internal combustbn engine ac- 
cording to a thirteenth embodiment of the present 
invention, 

Figure 36 is a diagram showing the changes in 
openings of the first control valve and a third control 
valve relative to the accelerator.opening according 
to the embodiment of figure 35, 

Figure 37 is a cross-sectional side view of an intake 
control system of an internal combustion engine ac- 
cording to a fourteenth embodiment of the present 
invention, 

Figure 38 is a cross-sectional side view of an Intake 
control system of an internal combustion engine ac- 
cording to a fifthteenth embodiment of the present 
invention, 

Figure 39 is a diagram showing the changes in 
openings of the first and third control valves and the 
piston travel amount of a piston mechanism for var- 
ying tfie volume of an intake passage portion rela- 
tive to the accelerator opening according to the em- 
bodiment of figure 38. 

Figure 40 is a cross-sectional side view of an intake 
control system of an internal combustion engine ac- 
cording to a sixteenth embodiment of this invention, 

Figure 41 is a cross-sectional side view of an Intake 
control system of an internal combustion engine ac- 
cording to a seventeenth embodiment of the 
present inventk>n, 

Figure 42 is a diagram showing the changes in 
openings of the first control valve and the third con- 
trol valve of the intemal combustion engine accord- 
ing to the emtxxliment of figure 41 relative to the 
accelerator opening, 



Figure 43 is a pressure Indicator diagram for the low 
load range of an engine provkJed.with a variable 
compressbn mechanism, 

5 Figure 44 is a schematic cross-sectional view of a 
bask: structure of an intake control system of ah in- 
temal combustion engine according to an eight- 
eenth embodiment of the present Invention, 

10 Figure 45 is a diagram showing the relatbnship be- 
tween the first control valve travel and the second 
control valve openirig duratbn relative to. the accel- 
erator opening according to the embodiment of the 
preceding figure, 

IS • 

Figure 46 is a diagram showing the changes in the 
opening areas of the intake valve and the second 
control valve relative to a crankshaft rotation angle, 

20 Figure 47 is a pressure indicator diagram in the low 
load range of the intemal combustion engine having 
the intake. control system according to the eight- 
eenth embodiment of the present invention accord- 
ing to figures 44 through 47, and . . 

2S 

Figure 48 is a pressure indicator diagram for the low 
kDad range of an internal combustion engine having 
a conventional intake control system. 

30 [0023] FIG. 1 is a schematic cross section of a basic 
structure of an intake coritrol system according to the 

first emiDodiment of tfiis invention. FIG. 2 is a graph 
showing the change in the stroke of the first control valve 
relative to the accelerator opening. FIG. 3 is a pressure 

35 indicator diagram of an engine at a low load. 

[0024] In FIG. 1 , a 4-cycle engine 1 comprises a cyl- 
inder 2, a piston 3 fit in the cylinder 2 for vertical recip- 
rocal sliding, and a connecting rod 4 connecting the pis- 
ton 3 to a crankshaft 5. 

40 [0025] A first intake passage 1 1 for introducing exter- 
nal air into a combustion chamber S and an exhaust 
passage 12 for discharging combustion gas (exhaust 
gas) produced by combustion of mixture in the combus- 
tion chamber S are connected to a cylinder head 6 at- 

■^s tached to the top of the cylinder 2 of the engine 1 . The 
intake passage 1 1 and the exhaust passage 1 2 are open 
to the combustion chamber S through respective intake 
port 11a and an exhaust port 12a. The first intake port 
11a and the exhaust port 12a are opened and closed 

so respectively by an intake valve 1 3 and an exhaust valve 
14 operated by a valve operating mechanism (not 
shown) at suitable timings. 

[0026] Another, second intake passage 15 for intro- 
ducing external air is connected to an intermediate po- 
ss srtk>n (near the intake valve 1 3) on the first intake pas- 
sage 11. 

[0027] The first intake passage 11 is provided with a 
first control valve 1 6 for sliding within the first intake pas- 
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sage 11 in Interlcxiked motion with the operation amount 
of the accelerator device (not shown). A second control 
valve 17 is provided at the joint area between the first 
and second intake passages 11 and 15. A fuel injection 
device 18 is provided on the first intake passage 11 . 
• [0028] The first control valve 16 is for changing the 
volume of a closed space in the first intake passage 11 
between the first control valve 16 and the intake valve 
1 3. The volume V is increased according to the increase 
in the accelerator operation amount (the accelerator 
opening or. engine load) by sikiing the valve 16 to the 
left as seen In FIG. 1 . The second control valve 17, as 
will be described later, is constantly closed when the in- 
take valve 13 is open at least at a low bad, and open 
constantly or by an opening corresponding to a given 
crankshaft rotation angle when the intake valve 13 is 
closed. . 

[0029] thus, the intake control device of this invention 
; cortiprises the first intake passage 11, the intake valve 
13. the second intake passage 15, the first and second 
control valves 16 and 17. Its function will be hereunder 
described in reference to FIGs. 2 and 3: 
[0030] A 4-cycle engine of this Invention cbmpleteis its 
one cycle, as shown in a pressure indicator diagram of 
FIG. 3, through the intake stroke from (1 ) to (2), a com- 
pression stroke from (2) to (3), a combustion (explosion) 
stroke from (3) to (4), an expansion stroke from (4) to 
(5), and an exhaust stroke from (5) to (1). When the ex- 
haust valve 14 opens at (5) to start the exhaust stroke 
from (5) to (1), exhaust gas blows out during the stroke 
from (5) to (6) in which the pressure in the combustion 
chamber S lowers down to the atmospheric pressure. 
[0031] Referring to FIG. 2, the operation range (the 
range from idling to full load operation) of the engine 1 
is divided into a low load range, medium bad range, and 
a high load range with respect to the accelerator open- 
ing a When the accelerator opening a is oq (idling), the 
first control valve 16 is kept inoperative. This state cor- 
responds to the phantom lined position (a) in FIG. 1 and 
the closed space volume V in the first intake passage 
11 is kept minimum. 

[0032] In the engine 1 of this invention, when the in- 
take valve 13 is closed at the end of a previous cycle 
and the compression stroke is started, the second con- 
trol valve 1 7 opens as described above, and external air 
of about the atmospheric pressure is introduced in the 
closed space V in the first exhaust passage 11. There- 
fore, when the intake stroke of the current cycle is start- 
ed with simultaneous opening of the intake valve 1 3 and 
closing of the exhaust valve 14 (the state of (1) in FIG. 
3), the second control valve , 17 is closed as described 
before, and external air of about the atmospheric pres- 
sure is contained in the closed space V. When mixture 
of a required air to fuel ratio is produced by injecting an 
appropriate ahiount of fuel into the air contained as de- 
scribed above, the fuel injection start timing is set either 
before or after the start timing of the opening of the in- 
take valve 13 (this is also the case for other embodi- 



ments which will be described later). 
[0033] When the piston 3 moves down in the cylinder 
2. the mixture is drawn from the cbsed space V in the 
first intake passage 11 by vacuum produced in the cyl- 
5 inder 2 through the intake valve 13 into the cylinder 2. 
[0034] The intake stroke is over when the piston 3 
reaches the bottom dead center (B.D.C.) in the state of 
(2) in FIG. 3, and the compression stroke is started when 
the piston 3 moves up in the cylinder 2. In the compres- 
10 sbn stroke, the intake valve 1 3 which has been open is 
closed. The mixture drawn into the cylinder 2 is com- 
pressed by the ascending piston 3 to a high pressure as 
shown in FIG. 3, ignited by an ignition plug (not shown) 
immediately before the piston reaching the top dead 
r5 center (T^D.C), and the process moves on to the com- 
bustion stroke (from (3) to (4) in FIG. 3). When the intake 
valve 1 3 is cbsed as described above at the start of the 
compression stroke ((2) in FIG. 3), the second control 
valve 1 7 is opened, external air is supplied from the sec- 
20 ond intake passage 1 5 to the closed space V in the first 
intake passage 1 1 , and drawn into the cylinder 2 during 
the intake stroke of the next cycle. 
[0035] The high pressure combustion gas in the com- 
bustion chamber S produced by the combustion of the 
mixture during the combustion stroke pushes down the 
piston 3 as it expands (the expansion stroke from (4) to 
(5) in FIG. 3) and blows out with its own pressure (blow 
out of exhaust gas during the stroke from (5) to (6) in 
FIG. 3) when the exhaust valve 14 opens (point (5) in 
FIG. 3). 

[0036] When the piston 3 starts moving up again after 
reaching the B.D.C, the combustion gas of about the 
atmospheric pressure remaining in the cylinder is 
pushed out by the ascending piston 3 to the exhaust 
passage 1 2 and discharged (the exhaust stroke from (6) 
to (7) in FIG. 3). 

[0037] . Thereafter the same strokes as those de- 
scribed above are repeated so that the engine 1 is op- 
erated continuously. 

[0038] Since the work W, as shown in FIG. 3 is ob- 
tained during the one cycle of the compression, com- 
bustion, expansion, and exhaust strokes ((2),(3), (4), 
(5), (6) and (1) in FIG. 3) of the engine 1, and the work 
W2 shown with hatching is lost as a pumping loss. 
Therefore, the indicated work Wj is expressed by the 
equatbn below. 

(Equatbn 1 ) 

W, = W^-W2. . (1) 

[0039] As evident from the aboye equation, the indi- 
cated work Wj increases if the pumping loss W2 de- 
creases. As a result, thermal efficiency of the engine 
1 as expressed by the following equation (2) increases 
and the fuel economy is improved. 



30 



35 



40 



45 



so 



6 



11 



EP 0690 214 B1 



12 



(Equation 2) 

il = A.Wi/Q (2) 

where 

A is the thermal equivalent of work, and 
Q is the supplied heat. 

[0040] In this embodiment, since the pressure in the 
closed space V formed on the upstream side of the in- 
take valve 1 3 before it opens is kept at about the atmos- 
pheric pressure, as shown in FIG. 3. the intake stroke 
is started from about the atnrx)spheric pressure ((1) in' 
FIG. 3). As a result, with this embodiment, the pumping 
loss Wg is made smaller in comparison to the pumping 
loss W2' (FIG. 48) of the conventional Intake stroke start- 
ed from a negative pressure. As a result, the indicated 
work obtained from the equation (1) increases, the 
thermal efficiency 11 obtained from the equatbn (2) is 
enhanced, and the fuel econorhy is improved. 
[0041] When it is intended to obtain a high power en- 
gine by setting a long period of time during which both 
the intake.valve 13 and the exhaust valve 14 are open, 
since the pressure in the closed space V is kept at about 
the atmospherte pressure, exhaust gas is less likely to 
flow back into the first intake passage 11 even if both 
the intake valve 13. and the exhaust valve 14 are open. 
As a result, exhaust gas is not drawn back into the com- 
bustion chamber S to make idling operation unstable. 
[0042] As described before, the first control valve 16 
of this embodiment slides to the left as seen in FIG. 1 
as the accelerator opening a increases. Namely, if the 
accelerator opening a increases beyond in FIG. 2 (a 
> olq), the first control valve 16 slides in proportion to the 
accelerator opening a (along the line C in FIG. 2) within 
the first intake passage 11 . As a result, at the accelerator 
opening 04, in a medium load range for instance, the first 
control valve 16 is at the solid line position (b), and at 
the phantom line position (c) at the full load so that the 
volume of the closed space V is lurther increased. Thus, 
since the volume of the closed space V (namely the 
amount of external air supplied into the closed space V) 
is increased or decreased according to the engine load, 
an exact amount of air corresponding to the accelerator 
operation amount is supplied from the closed space V 
into the combustion chamber S in the cylinder 2 in a sta- 
bilized manner. 

[0043] In this embodiment, the first control valve 1 6 is 
out of the first intake passage 11 as shown in FIG. 1 in 
the high load range (especially at the full load). Under 
that condition, no closed space V Is formed in the first 
intake passage 11 and the external air is directly intro- 
duced into the cylinder 2. . 
[0044] Next, specific examples of the intake control 
system of this inventiori with the basic principle de- 



scribed above in reference to the first embodiment will 
be hereunder described in reference to the second 
through ninth embodiments. 

[0045] FIG. 4 is a side view in cross section of an in- 
s take control system as the second embodiment of this 
invention. FIG. 5 Is a plan view in cross section of the 
same system. FIG. 6 is a plan view partially in cross sec- 
tion of a constitution of a drive system of a third control 
valve. FIG.. 7 is a cross section taken abng the line X- 
10 X in FIG. 6. FIG. 8 is a graph showing the changes iri 
the first control valve travel and the third control valve 
opening relative to the accelerator opening. • 
[0046] The engine 1 of this embodiment is of.an in line, 
four cylinder, four valve type, with each cylinder provkj- 
ed with the piston 3 for free vertical sikling and cpnnect-'^ 
ed through the connecting rod 4 to the crankshaft (not 
shown). . 

[0047] FIG. 4 also shows the first intake passage 11 
and the exhaust passage 12 provided similarly to the 
first embodiment for each cylinder. These passages are 
; open to the combustion chamber S at an intake port 11a 
and an exhaust port 12a respectively opened and 
• closed by the intake valve 1 3 and the exhaust valve 1 4 
respectively driven by cam shafts 7 and.8 at appropriate 
timings. . 

[0048] . Similarly to the first embodiment, another, sec- 
ond Intake passage 1 5 for Introducing external air Is cqii- 
nected by way of a communication hole Z to an inter- 
mediate position (near the intake valve 1 3) on the first 
intake passage 1 1 . A fuel injection device 1 6 is provided 
on the first intake passage 11 (cylinder head 6). 
[0049] As shown in FIG. 4. the first and second intake 
passages 1 1 and 1 5 provided for each cylinder are con- 
nected to a common intake chamber 1 9 connected by 
way of an air flow meter 20 to an air filter 21 . 
[0050] A rod-shaped first control valve 1 6 is installed 
for free sliding in the first intake passage 11. One end 
of the first control valve 16 is formed as a tapered sur- 
face 16a and its other end extends through the intake 
chamber 1 9 to the outside. For each cylinder, a cbsed 
space V is formed in the first intake passage 1 1 between 
the first control valve 16 and the intake valve 13. As 
shown in FIG. 5, each fore-end 16a of the first control 
valve 16 is formed in a concave shape to minimize the 
volume of the closed space V. As also shown in FIG. 5, 
each first intake passage 1 1 (cylinder head 6) Is provid- 
ed on its side with an adjustment mechanism 22 for pre- 
liminary fine adjustment of the volume of the closed 
space v. 

[0051] FIG. 4 also shows an accelerator device 23 
having a lever 25 capable of rotating about a shaft 24, 
with the upper end of the lever 25 connected by way of . 
a rod 26 to the end of the first control valve 16 extending 
outside the intake chamber 19. 
[0052] The lever 25 is connected at its lower end by 
way of a rod 27 to an accelerator pedal (not shown) and 
urged to the ckssing side of the accelerator by a return 
spring 28. The numeral 29 in FIG. 4 denotes a stopper 
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for restricting the rotation of the lever 29. 
[0053] Similarly to the first embodiment, a second 
control valve 17 is provided at the joint area between 
the first and second intake passages 11 and 15. The 
second control valve 17 is driven by the cam shaft 7 and 
constantly closed when the intake valve 13 Is open at 
least at a low load, and open constantly or by an opening 
corresponding to a given cranksfiaft rotation angle when 
the intake valve 13 is cbsed. 
[0054] A third control valve 30 is provided in the mid- 
dle of the second intake passage 15 (on the upstream 
side of the second control valve 17) so as to be driven 
in the low load range Including idling (the range before 
the first control vaive 16 is driven) so that its opening is 
changed according to the aniount of accelerator opera- 
tion (accelerator open^g). . 

[0055] The constitutkxi of the third control valve 30 
will be hereunder described in reference to FIGs. 6 and 
7. 

[0056] One end of the valve shaft 31 of the third con- 
trol valve 30 is connected to a lever 32 urged by a return 
spring 33to the closing side of the third control valve 30. 
[0057] A common rotary shaft 35 Is supported for free 
rotation on four Intake pipes 34 each constituting the 
second Intake passage 15. One end of the rotary shaft 
35 is connected to a lever 36 connected by way of a 
cable 37 to the accelerator pedal (not shown). 
(0058] A lever 38 is connected at a position between 
two of the four intake pipes 34 as seen in FIG. 6 and 
another lever 38 Is similarly connected at a position be- 
tween the rest two Intake pipes 34. Each of the levers 
38 is connected to two opposing levers 32 by way of an 
adjustable rods 39. 

[0059] Thus, the intake control device of this invention 
comprises the first intake passage 11. the intake valve 
13, the second intake passage 15, the first and second 
control valves 1 6 and 1 7, and the third control valve 30 
Its function will be hereunder described in reference to 
FIG. 8. 

[0060] Referring to FIG. 8, the operation range of the 
engine 1 is divided into a low load range, medium load 
range, and a high load range with respect to the accel- 
erator opening a. When the accelerator opening a is ^ 
Oq (a ^ Oq) In the low load range, the first control valve 
1 6 is kept inoperative, corresponding to the solid line 
posltbn (a) in FIG. 4 and the closed space volume V In 
the first intake passage 11 Is kept minimum. Also in this 
operatran range, the opening of the third control valve 
30 Is controlled (along the line D in FIG. 8) by the accel- 
erator opening a (engine load). The third control valve 
30 as shown in FIG. 8 is open to some extent even dur: 
ing Idling. 

[0061] Also in the engir>e 1 of this embodiment, since 
the second control valve 17 opens as described above 
when the compression stroke is started when the intake 
valve 13 is closed, the external air of about the atmos- 
pheric pressure introduced by way of the air filter 21 and 
the air flow meter 20 into the intake chamber 19 is sup- 



plied through the second Intake passage 15 to the 
closed space V In the first intake passage 11. While in 
this embodiment the second control valve 17 Is driven 
by a cam shaft 7 which also drives the Intake valve 1 3. 
s it may also be driven by a separately arranged cam . 
shaft. 

[0062] In the operation range of a being not greater 
than Oq (a ^ Oq), the opening of the third control valve 
30 is controlled as described above in interlocked mo- 
10 tion with the accelerator operation along the line D in 
FIG. 8. In other words, when the cable 37 is pulled in 
the direction of the arrow in FIG. 7; the lever 36, the ro- 
tary shaft 35 and the lever 38 are rotated in a body In - 
the direction of the arrow in FIG. 7 (counterclockwise). 
IS the rotation is transmitted through the rod 39 to the lever 
32 and the vatve shaft 31 , and the third control valve is . 
opened corresponding to the accelerator opening a 
Since the opening of the third control valve 30 Is con- 
trolled as described above, the arTK>unt of external air 
20 supplied to the closed space V In the low k>ad operation 
range of the accelerator opening a being not greater 
than oq (a ^ oq) is controlled according to the engine 
toad. Since the length of the rod 39 Is adjustable, differ- 
ence in opening of the third control valve 30 from cylin- 
der to cylirider is eliminated. 

[0063] When the intake stroke of the current cycle is 
started upon opening of the intake vatve 1 3 and closing 
of the exhaust valve 14, the second control valve 17 is 
closed as described before and external air of about the 

atmospheric pressure Is contained In the closed space 
V. An appropriate amount of fuel is injected through the 
fuel injection device 18 to the contained air to produce 
mixture of a required air to fuel ratio. The mixture Is 
drawn during the intake stroke into the combustion 
chamber S, and undergoes compression stroke and 
combustion stroke in the combustion chamber S, While 
the air flow meter 20 is provided for producing a required 
air to fuel ratio of mixture, it may also be arranged to 
produce the required air to fuel ratio of mixture by pro- 
viding detection means for detecting the pressure in the 
closed space V and according to the detected results. 
[0064] As described above, since the pressure In the 
closed space V formed on the upstream side of the In- 
take valve 1 3 before it opens at least during the low load 
range is kept at about the atmospheric pressure in this 
embodiment, the intake stroke is started as shown in 
FIG. 3 from about the atmospheric pressure. As a result, 
also in this embodiment, the pumping loss Wg is made 
smaller in comparison to the pumping loss W2' (FIG. 23) 
of the conventional intake stroke started from a negative 
pressure. As a result, similarty to the first embodiment, 
the thermal efficiency and the fuel economy of the en: 
gine 1 are improved. 

[0065] When it is intended to obtain a high power en- 
gine by setting a long period of time during which both 
the intake valve 13 and the exhaust vatve 14 are open, 
since the pressure in the cbsed space V is kept at about 
the atmospheric pressure, exhaust gas is less likely to 
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flow back into the first intake passage 11 even if both 
the intake valve 13 and the exhaust valve 14 are open. 
As a result, exhaust gas is not drawn back into the com- 
bustion chamber S to make klling operation unstable. 
[0066] As described before, the first control valve 16 
of this embodirnent slkies to the left as seen in FIG. 4 
as the accelerator opening a increases. Namely, if the 
accelerator opening a increases beyond in FIG. 8 (a 
> oto), the opening direction movement of the rod 27 of 
the accelerator devk:e shown in FIG. 4 is converted to 
the counterclockwise rotatbn of the lever 25 about the 
shaft 24. and the first control valve 16 sljdes to the left 
as seen in FIG. 4 in proportion to the accelerator open- 
ing a (along the line C in FIG. 8) within the first intake 
passage 11. As a result, at the accelerator opening 04^ 
in a medium toad range for instance, the first control 
valve 16 is at the phantom line position (b) when the 
accelerator opening is in the medium load range 
shown in FIG. 8 for instance, arid at the phantom line 
posit ton (c) in FIG. 4 when the accelerator opening is 
in the high load range so that the closed space volume 
V is further increased. Thus, since the closed space vol- 
ume (namely the amount of external air supplied into the 
closed space volume V) is increased or decreased ac- 
cording to the engine load, an exact amount of air cor- 
responding to the accelerator operation amount Is sup- 
plied from the closed space V into the combustion diarn- 
ber S in the cylinder 2 in a stabilized manner. 
[0067] In this embodiment, when the accelerator 
opening a exceeds o^. (a > a^) in the high load range, 
the first control valve 1 6 is out of the first intake passage 
1 1 . For instance, the first control valve 1 6 at the full load 
is located at the phantom line position (d) in FIG. 4, with 
the first intake passage 11 communicated to the intake 
chamber 1 9, and the external air is directly introduced 
into the cylinder 2 during the intake stroke. Here, as 
shown in FIG. 4, the fore-end of the first control valve 
16 is formed as a tapered surface 16a. and the internal 
connecting wall 19a of the first intake passage 11 of the 
intake chamber 1 9 is rounded to avoid sudden change 
in the amount of external air introduced into the first in- 
take passage 1 1 when the first control valve 1 6 goes out 
of the first intake passage 11. 

[0068] While the third control valve 30 is located in the 
middle of the second intake passage 15, it may also be 
located on the downstream side of the air flow meter 20 
(Refer to FIG. 10). 

[0069] If the volume of the closed space V can be 
made small enough by the arrangement of the first con- 
trol valve 16 located close enough toward the intake 
valve 13. the amount of air supplied into the closed 
space V can also be made small enough, and therefore 
the third control valve 30 may be omitted. 
[0070] Next, a modification of the second embodi- 
ment, is shown in FIG. 9 which is a side view in cross 
sectton of an intake control system as the third embod- 
iment .of this invention. In the figure, like numerals de- 
note like parts as those shown in FIG. 4 and their de- 



scriptions are omitted. 

[0071 1 In the intake control system of the multiple cyl- 
inder engine 1 of this embodiment, the first and second 
intake passages 11 and 15 are made independent of 

5 each other, with the first intake passages .11 connected 
to each other through an intake chamber 19A on one 
hand, and the second Intake passages 1 5 connected to 
each other through another intake charTiber'19B on the 
other. Only the intake chamber 19B is connected 

10 through.the air flow meter 20 to the air filter 21 through 
which the external air is introduced. 
. [0072] Since the basic principle of the intkke control 
system of this embodiment is the same with that of the 
second embodiment, the same effect Is obtained with 

IS this embodiment as that of the second embodiment.- 
However, an additional effect of inertia.supercharging is 
also obtained with this embodiment, whbh will be here- 
under described. 

[0073] Since the volume of the closed space V is large 

20 immediately after the second control vale 1 7 is opened 
in the high toad range, the external air supplied through 
the second control valve 17 to the ctosed space V flows 
. away from the intake valve 1 3. As a result, the pressure 
around th e intake valve 1 3 is temporarily lower than the 

25 pressuris in the area apart from the Intake valve 13. . 
[0074] Next, when the second control valve 17 i 
closed, the intake valve 13 is opened, and the piston 3 
slides down in the cylinder 2 to produce a negative pres- 
sure in the cylinder 2, the external air supplied to the 

30 closed space V is now drawn toward the intake valve 1 3 
and into the cylinder 2. Here, since the pressure around 
the intake valve 1 3 is lower than the pressure in the area 
apart from the intake valve 1 3, the external air of a high 
pressure is introduced into the cylinder 2, which is an 

35 inertia supercharging effect to attain a high charging ef- 
ficiency 

[0075] While the supercharging effect described 
above is obtained not only with multiple cylinder engines 
but also with single cylinder engines, since the individual 

40 first intake passages 1 1 of this embodiment are connect- 
ed each other through the intake chamber 19A. the su- 
percharging effect is accordingly enhanced. This is be- 
cause, immediately after the second control valve 17 is 
opened, the external air flows in the closed space rapidly 

^5 away from the intake valve 1 3 through the second con- 
trol valve 17 by the negative pressure effect of intake 
strokes of pistons of other cylinders, and therefore the 
pressure around the intake valve 13 becomes further 
lower than the pressure in the area apart from the intake 

so valve 13. 

[0076] Next, the fourth embodiment of this invention 
will be described in reference to FlGs. 10 and 11 . FIG. 
10 is a side view in cross section of the intake control 
system as the fourth embodiment of this inventiori. FIG. 
ss 11 is a graph showing the changes in the openings of 
the first and third control valves relative to the acceler- 
ator opening. In FIG. 10, like parts as those in FIG. 4 
are provtoed with like reference numerals and their de- 
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scriptlons are omitted. 

[0077] In the intake control system of this embodi- 
ment, the first control valves 1 6A, 1 6B and 1 6C are pro- 
vided ait suitable inten/als in the first intake passage 11 . 
and the third control valve 30 is provided on the down- 
stream skle of the air flow meter 20. 
[0078] As shown In FIG .11, when the operation range 
of the engine 1 is divided according to the accelerator 
opening a into the low. medium, and high k>ad ranges, 
in the tow toad range of the accelerator opening a being 
Oo or less (a ^ ccq), all the first control valves 16A. 168, 
1 6C are kept inoperative (in the fully ctosed state). Here, 
the volume of the ctosed space V in the first intake pas- 
sage 11 is kept at a minimum. Also in this operatton 
range, the opening of the third control valve 30 is con- 
trolled (along the line D In FIG. 11) by the accelerator 
opening a (enghe toad). The third control valve 30 as 
shown in FIG. 11 Is open to some extent even during 
idling. 

[0079] Also in the engine 1 of this embodiment; when 
the intake valve 13 is closed at the end of a previous 
cycle and the cpmpresston stroke is started, the second . 
control valve 17 opens, and extemal air introduced 
through the. air filter 21, the air flow meter 20, and the 
third control valve 30 into the intake chamber 1 9 is sup- 
plied through the second intake passage 15 to the 
closed space V (the space between the first control 
valve 16A and the intake valve 13) in the first exhaust 
passage 11. 

[0080] In the operation range of the accelerator open- 
ing a being Oq or less (a ^ Oq), the opening of the third 
control valve 30 is controlled in Interlocked motion with 
the accelerator operation along the line D i FIG. 11, 
which will be hereunder described. 
[0081] in this embodiment, since the first control valve 
16A is not located close enough to the intake valve 13. 
the volume of the closed space V cannot be made small. 
As a result, if the pressure in the closed space V is about 
the atmospheric pressure when the intake valve 13 is 
opened, the amount of external air taken into the cylin- 
der 2, especially during idling, becomes excessive, and 
more amount of fuel is required to maintain a suitable 
air to fuel ratio of mixture. As a result, the output of the 
engine 1 becomes excessive, the idling revolution in- 
creases, noise level increases, and the fuel economy is 
lowered. 

[0082] For that reason, the third control valve 30 is 
provided so as to be opened to some extent during idling 
as described above, to restrict the amount of air supplied 
to the closed space V. 

[0083] The third control valye 30 may also be provided 
in each of the second intake passages 15 for each cyl- 
inder as In the second embodiment (Refer to FIG. 4). 
Also, if the volume of the closed space V can be made 
small because of the locatton of the first control valve 
1 6 A close enough to the intake valve 1 3. the third control 
valve 30 may be omitted. 

[0084] In this cycle, when the intake stroke is started 



with the opening of the intake valve 1 3 and simultaneous 
ctosing of the exhaust valve 1 4. the second control valve 
17 is ctosed and extemal air Is contained in the ck>sed 
space V. An appropriate anriount of fuel Is injected 

5 through the fuel injectton device 1 8 to the contained air 
to produce mixture of a required air to fuel ratio. The. 
mixture after being subjected to the compression stroke 
undergoes combustton in the combustion chamber S. 
[0085] In this embodiment as described above, since 

10 the pressure in the ctosed space V before the intake 
valve 13 opens at least in the low toad range of the ac- 
celerator opening a being equal to or greater than Is 
kept about the atrr^ospheric pressure, as shown in FIG. 
3, the intake stroke is started from about the atmospher- 

IS ic pressure. As a result, the pumping toss W2 (Refer to 
. FIG. 3) is kept low. engine efficiency is enhanced, and 
fuel economy is improved. 

[0086] When, the accelerator opening a exceeds Oq 
(« > «o). the opening of the first control valve 16A in- 

20 creases in proportion to the accelerator opening a 
(atong the line ir^ FIG. 11). When the accelerator 
opening a reaches in the medium load range, as 
shown in FIG. 1 1 , the first control valve 1 6A is wide open 
and the next first control valve 1 6B begins to open. The 

. 25 opening of the first control valve 1 SB Jnceases with the 
increase In.the accelerator opening a along the line Cg 
in FIG. 1 1 , and when It reaches 09 in the high toad range, 
the first control valve 1 6b is wide open, and the next first 
control valve 16C begins to open. The opening of the 

30 first control valve 1 6C increases with the increase in the 
accelerator opening a along the line Cc in FIG. 11 , and 
becomes wide open at the full load. Therefore, at the full 
toad, all the first control valves ISA, 16B, and 160 are 
wide open, the first intake passage 11 Is connected to 

35 the intake chamber 1 9. and the extemal air Is Introduced 
during the intake stroke directly through the first intake 
passage 11 into the cylinder 2. 
[0087] This embodiment may also be applied to an 
engine with an intake system supercharger 40 as shown 

40 In FIG. 10 so as to provide supercharging effect in the 
medium and higher load ranges. In that case, knocking 
is effectively prevented from occurring because temper- 
ature rise in mixture due to the supercharging effect at 
the end of the compression stroke can be restricted by 

45 cooling effect of the Miller cycle. 

[0088] Next, a modification of the fourth embodiment 
Is shown in FIG. 12. FIG. 12 Is a side view In cross sec- 
tion of the Intake control system as the fourth embodi- 
ment of this invention. In FIG. 12, like parts as those in 

so FIG. 10 are providied with like reference numerals and 
their descriptions are omitted. 
■ [0089] The Intake control system of this embodiment 
is a modification of the fourth embodiment shown in FIG. 
1 0 in which the first and second intake passages 1 1 and 

ss 15 are made independent of each other, with the first 
intake passages 1 1 connected to each other through an 
intake chamber 1 9A on one hand, and the second intake 
passages 15 connected to each other through another 
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intake chamber 1 9B on the other. 
[0090] Since the basic, principle of the intake control 
system of this embodiment is the same with that of the 
fourth embodiment, the same effect is obtained with this 
embodiment as that of the fourth embodiment. However, s 
an additional effect of inertia supercharge effect is also 
obtained with this embodiment as described on the third 
embodiment. 

[0091] Next, the sixth embodiment will be described 
in reference to FtGs. 1 3 and 14. FIG. 13 is a side view io 
in cross section of the intake control system as the sixth 
embodiment of this inventbri. FIG. 14 is a graph show- 
ing the changes in the openings of the first and second 
control valves and the change in the piston travel of a 
variable volume mechanism relative to the accelerator is 
opening. In FIG. 13, like parts as those in FIG. 4 are 
provided with like reference numerals and their descrip- 
tions are omitted. 

[0092] In this embodiment of the intake control system 
as shown in FIG. 13, a variable volume mechanism 50 
is provided on the downstream side of the first control 
valve 16 of the first intake passage 11 for each cylinder. 
[0093] The variable volume mechanism 50 is for in- 
creasing and decreasing the volume of the closed space 
V produced in the first intake passage 11 according to. 2S 
the accelerator opening, and comprises a piston 52 dis- 
posed for free vertical sliding within a cylinder 51 com- 
municated to the first intake passage 11 and linked 
through a rod 53 to the accelerator device (not shown). 
[0094] As shown in FIG. 1 4, when the operation range 30 
of the engine 1 is divided according to the accelerator 
opening a into the low, medium, and high toad ranges, 
in the low load range of the accelerator opening a being 
or less (a ^ o^), the first control valve 16 and the 
variable volume mechanism are kept inoperative with 35 
the first control valve 16 fully closed and the piston 52 
of the variable volume mechanism 50 at the bottom po- 
sition in the cylinder 51 . Here, the volume of the closed 
space V is kept at a minimum. Also in this operation 
range, the opening of the third control valve 30 is con- 40 
trolled (along the line D in FIG. 14) by the accelerator 
opening a (engine load). The third control valve 30 as 
shown in FIG. 14 is open to some extent even during 
idling. 

[0095] Also in this embodiment, when the intake valve 4S 
1 3 is closed at the end of a previous cycle and the com- 
pression stroke is started, the second control valve 1 7 
opens and external air introduced through the air filter 
21 and the air flow meter 20 is supplied through the sec- 
ond intake passage 1 5 to the closed space V in the first so 
intake passage 11. 

[0096] When the intake stroke of the current cycle is 
started with simultaneous opening of the intake valvis 
1 3 and closing of the exhaust valve 14, the second con- 
trol valve 1 7 is closed, and air from outside is contained ss 
in the ctosed space V. An appropriate amount of fuel is 
injected through the fuel injection device 16 to the con- 
tained air to produce mixture of a required air to fuel ra- 



tio. The mixture after being subjected to the compres- 
sion stroke undergoes combustion in the combustion 

chamber S. . . 

[0097] In this embodiment as described above, since 
the pressure in the closed space V is kept about the at- 
nrK>spheric pressure before the intake valve 1 3 opens at 
least in the bw load range of the accelerator opening a 
being equal to or greater than Oq, as shown in FIG. 3. 
the intake stroke is started from about the atmospheric 
pressure. As a result, the pumping loss W2 (Refer to 
FIG. 3) is kept low, engine efficiency is enhariced, and 
fuel economy is Improveci. 

[0098] When the accelerator opening q exceeds oq 
(a > qq), the variable volume mechanism 50 is actuated 
and the piston 52 of the variable volume mechanism 50 
slides upward within the cylinder 51 (along the line E in 
FIG. 14) in proportion to the accelerator opening a. As 
a result, the volume of the closed space V increases 
gradually. When the accelerator opening a reaches 
in the high load range as shown in FIG. 14 and the piston 
52 reaches the top limit, the first control valve 1 6 begins 
to open. The opening of the first control valve 1 6 increas- 
es with the increase in the accelerator opening a along . 
the tine C in FIG. .14. arid is wide operi.at the full load! ' 
Therefore at the full load, the first intake passage 11 is 
connected to the intake chamber 19, and the external 
air is introduced during the intake stroke directly through 
the first intake passage 1 1 into the cylinder 2. 
[0099] A modification of the sixth embodiment is 
shown in FIG. 15. FIG. 15 is a side view in cross section 
of the intake control system as the seventh embodiment 
of this invention. In FIG. 15, like parts as those in FIG. 
1 3 are provided with like reference numerals and their 
descriptions are omitted. 

[0100] The intake control system of this embodiment 
is a modification of the sixth embodiment shown in FIG. 
1 3 in which the first and second intake passages 11 and 

15 are made independent of each other, with the first 
intake passages 1 1 connected to each other through an 
intake chamber 1 9A on one hand, and the second intake 
passages 15 connected to each other through another 
intake chamber 1 9B on the other. 

[0101] Since the basic principle of the intake control 
system of this embodiment is the same with that of the 
sixth embodiment, the same effect is obtained with this 
embodiment as that of the sixth embodiment. An addi- 
tional effect of inertia supercharging effect is also ob- 
tained with this embodiment as described on the third 
embodiment. 

[0102] Next, the eighth embodiment of this invention 
will be described in reference to FIGs. 16 and 17. FIG. 

16 is a side view in cross section of the intake control 
system as the eighth embodiment of this invention. FIG. 

17 is a graph showing the changes in the openings of 
the first and third control valves, relative to the acceler- 
ator opening. In FIG. 16, like parts as those in FIG. 15 
are provided with like reference numerals and their de- 
scriptions are omitted. 
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[0103] In the intake control system of this embodiment 
as shown in FIG. 16, the first and second intake pas- 
sages 11 and 15 are made independent of each other, 
with the first intake passages 11 connected to each oth- 
er through an intake chamber 1 9A on one hand, and the 
second intake passages 15 connected to each other 
through another intake chamber 19B on the other. 
[0104] A first control valve 16 of a rotary type is pro- 
vided in the middle of the first intake passage 11. A 
closed space V in the first intake passage 11 Is formed 
between the first control valve 16 and the intake valve 
13. 

[0105] As shown in FIG. 17, when the operation range 
of the engine 1 is divided according to the accelerator 
opening a into the low, medium, and high load ranges, 
in the bw load range of the accelerator opening a being 
Oq or less (a ^ Oq), the first control valve 16 is kept in- 
operative (in the fully closed state), corresponding to the 
solid line position (a) in FIG. 16. Here, the volume of the 
closed space V in the first intake passage 11 is kept at 
a minimum. Also in this operation range,, the opening of 
the third control valve 30 is controlled (along the line D 
in FIG. 17) by the accelerator opening a. The third con- 
trol valve 30 as shown in FIG. 1 7 is open to some extent 
even at the time of idling. 

[0106] Also in the engine 1 of this embodiment, when 
the intake valve 13 is closed at the end of a previous 
cycle and the compression stroke is started, the second 
control valve 17 opens and external air introduced 
through the air filter 21 and the air flow meter 20 is sup- 
plied through the second intake passage 15 to the 
closed space V in the first exhaust passage 11 . 
[0107] When the intake stroke of the current cycle is 
started with the opening of the intake valve 13 and the 
closing of the exhaust valve 1 4, the second control valve 
17 is closed, and air from outside is contained in the 
closed space V. An appropriate amount of fuel is injected 
through the fuel injection device 18 to the contained air 
to produce mixture of a required air to fuel ratio. The 
mixture after being subjected to the compression stroke 
undergoes combustion in the combustion chamber S. 
[0108] In this embodiment as described above, since 
the pressure in the closed space V is kept at about the 
atmospheric pressure before the intake valve 1 3 opens 
at least in the low load range of the accelerator opening 
a being equal to or greater than Oo, as shown in FIG. 3, 
the intake stroke is started from about the atmospheric 
pressure. As a result, the pumping loss W2 (Refer to 
FIG. 3) is kept low, engine efficiency is enhanced, and 
fuel economy is improved. 

[0109] When the accelerator opening a exceeds Oq 
(a > Oq), the first control valve 16 begins to open with 
the opening changing along the line C in FIG. 17 in pro- 
portion to the accelerator opening a. In other words, the 
first control valve 16, at an accelerator opening in the 
medium toad range in FIG. 17 for instance, is in the 
phantom line position (b), and at the full load the valve 
16 is wide open at the phantom line position (c) In FIG. 



16. Therefore at the full load, the first intake passage 11 
is connected to the intake chamber 1 9A. and the exter- 
nal air is introduced during the intake stroke directly 
through the first intake passage 11 into the cylinder 2. 

5 [011 0] When a variable compression mechanism (Not 
shown. For details refer to Tokkai Hei 4-241 740) is com- 
bined with any of the eight embodiments described 
above, a pressure indicator diagram is obtained as 
shown in FIG. 18. According to this, while the pumping 

10 toss W2 increases by a small increment AW2 due to the 
increase in the combustion chamber volume AV, the 
work W^ increases by an increment AW^ of an increas- 
ing ratio higher than that of the increment AW2. As a 
result, the work W| on the diagram expressed by the 

IS equatbn (1 ) increases, and the thermal efficiency r\ cal- 
culated by the equation (2) increases to further improve 
fuel economy. 

[0111] The ninth embodiment of this invention will be 
hereunder described in reference to FIGs. 19 through 

20 22. FIG. 1 9 is a schematic cross section of a basic struc- 
ture of an intake control system as the ninth embodiment 
of this invention. FIG. 20 is agraph showing the changes 
in the travel of the first control valve and opening dura- 
tion of the second control valve relative to the acceler- 

2S ator opening. FIG. 21 is a diagram showing the changes 
in opening areas of the intake valve, exhaust valve, and 
second control valve relative to the crankshaft rotation 
angle. FIG. 22 is a pressure indbator diagram of the en- 
gine at a low load. 

30 [Oil 2] The intake control system of this embodiment 
is a modification, of the first embodiment in whkih the 
opening duration of the second control valve 17 at least 
at a low load is increased or decreased according to the 
accelerator operation amount (accelerator opening). 

55 Therefore in FIG. 19, like parts as those in FIG. 1 are 
provided with like reference numerals and they will be 
hereunder described. 

[Oil 3] In FIG. 1 9 are shown a controller 60, acceler- 
ator opening detection means 61, and crankshaft rota- 
^0 tion angle detection means 62. The second control valve 
17 in this embodiment is opened and closed by a sole- 
noid 63. 

[0114] While thermal efficiency of the engine 1 is im- 
proved also in this embodiment by the same effect as 

45 that of the first embodiment, the opening duration of the 
second control valve 1 7 relative to the accelerator open- 
ing a is controlled to follow the line F in FIG. 20 partic- 
ularly in the low load range (the operation range before 
the first control valve 16 opens) with the accelerator 

50 opening a being equal to or smaller than Oq (a ^ olq). 
[Oil 5] In other words, signals of an accelerator open- 
ing a detected by the accelerator opening detection 
means 61 and a crankshaft rotation angle 0 detected 
by the crankshaft rotation angle detection means 62 are 

55 input into the controller 60. The controller 60, after the 
intake valve 13 is closed as shown in FIG. 21, sends a 
control signal to the solenoid 63 to open the second con- 
trol valve 17 for a duration (for the duration correspond- 
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ing to the crankshaft rotation angle A9 in FIG. 21 ) cor- 
responding to the current accelerator opening a. In FIG. 
21. the bent line G shows the change in the opening 
area of the second control valve 17 driven by the sole- 
noid 63 as in this embodiment. 5 
[0116] FIG. 21 shows the change In the pressure P in 
the closed space V after the second control valve 17 is 
opened with the accelerator opening a being oq. Here, 
the opening duration of the second control valve 17 is 
set so that the second control valve 17 is closed when io 
the pressure P in the closed space V reaches the max- 
imum value V^g^, ' 

[01 1 7] : By controlling the opening duration of the sec- 
ond control valve 17 as described above, the pressure 
at the beginning of the intake stroke can be maintained.. 
positive as shown in FIG. 22 when the accelerator open- 
ing a is a^). As a result, the pumping loss Wg can be 
further reduced, the efficiency of the engine 1 is further 
improved, and the fuel economy is further improved. 
[0118] ttmay also be arranged in the medium and high ^ 
load ranges where the accelerator opening a exceeds 
oq (a > Oo) that the opening duratton of the second con- 
trol valve 17 is either held constant at the value when 
the accelerator opening a is Oq or changed along the 
broken line P in FIG. 20. 

[0119] As evident from the description above, the 
pressure on the upstream side of the intake valve before 
it is opened is kept at about the atmosphere pressure 
and the intake stroke is started at about the atmospheric 
pressure. As a result, the pumping loss is reduced, the 30 
thermal efficiency of the engine is increased, and the 
fuel economy is improved. 

[01 20] Moreover, in the low load range and before the 
first control valve is driven, the amount of external air 

supplied to the first intake passage is increased or de- 35 
creased according to the accelerator operation amount 
(engine load). As a result, the amount of air supplied to 
the closed space is prevented from becoming excessive 
even when the minimum volume of the closed space 
cannot be made small enough for structural reasons in 40 
the low load range including the idling before the first 
control valve is driven, and attain the effect of making 
the amount of air supplied to the combustion chamber 
of the engine optimum. 

[01 21 ] Furthermore, it is possible to close the second 4$ 
control valve at the time the pressure of the air supplied 
from outside by the opening of the second control valve 
into the closed space in the first intake passage reaches 
the maximum (positive) value. This makes it possible to 
increase the intake pressure at the start of the intake so 
stroke and to attain the effect of further minimizing the 
pumping loss. 

[0122] Hereinafter, further preferred embodiments of 
the present invention will be described so as to illustrate 
and explain the fuel injection according to preferred em- 
bodiments in greater detail. While certain aspects of the 
folk)wing embodiments are similar to the above-de- 
scribed preceding embodiments, specific attention is to 



be paid to the charge forming process of the foltowing 
embodiments. Some facets of the fuel injection system 
may also be applied to combustion engines not having 
all the features claimed in claim 1 , as a matter of course. 
[01 23] FIG. 23 is a schematic cross section of a basic 
structure of an intake control system as the tenth em- 
bodiment of this invention. FIG. 24 is an enlarged cross 
section of the intake control device portion of the engine. 
FIG. 25 is an enlarged cross section of the fuel injection 
devk:e portion of the engine. FIG. 26 is a graph showing 
openings of valves and intake negative pressure char- 
acteristics. FIG. 27 is a graph shovying the change in the 
stroke of the first control valve relative to the accelerator , 
opening. FIG. 28 is a pressure indicator diagram of an. 
engine during low bad operation. 
[0124] In FIG. 23, a 4-cycle engine 1 comprises a cyl- 
inder 2. a piston 3 fit in the cylinder 2 for vertical recip- 
rocal sliding, and a connecting rod 4 connecting the pis- 
ton 3 to a crankshaft 5. 

[0125] . A first intake passage 1 1 for introducing exter-. 
nal air into a combustion chamber S and an exhaust 
passage 12 for discharging combustion gas (exhaust 
gas) produced by combustion of mixture In the combus- 
tion chamber S are connected to a cylinder head 6 at- 
tached to the top.of the cylinder 2 of the erigine 1 . The 
firstjntake passage 11 and the exhaust passage.1 2 are 
open to the combustion chamber S through respiactive 
intake port 1 1 a and an exhaust port 1 2a. The first intake 
port 11a and the exhaust port 12a are opened and 
closed respectively by an intake valve 13 and an ex- 
haust valve 14 operated by a valve operating mecha- 
nism (not shown) at suitable timings. 
[0126] Another, second intake passage 15 for intro- 
ducing external air is connected to an intermediate po- 
sition (near the intake valve 1 3) on the first intake pas- 
sage 11. 

[0127] The first intake passage 11 is provided with a 
first control valve 1 6 (or sliding within the first intake pas- 
sage 1 1 in interiocked motion with the operation amount 
of the accelerator device (not shown). A second control 
valve 1 7 is provided at the joint area between the first 
and second intake passages 11 and 15. A fuel injection 
device 18 is provided on the first intake passage 11. 
[0128] The first control valve 16 is for changing the 
volume of a closed space in the first intake passage 11 
between the first control valve 16 and the intake valve 
1 3. The volume V is increased according to the Increase 
in the accelerator operation amount (the accelerator 
opening or engine load) by sliding the valve 16 to the 
left as seen in FIG. 23. The second control valve 17, as 
will be described later, is constantly closed when the in- 
take valve 13 is open at least at a low load, and open, 
constantly or by an opening corresponding to a given 
crankshaft rotation angle when the intake valve 13 is 
closed. 

[0129] In this embodiment as shown in FIG. 24 in.de- 
tail, a third intake passage 70 is employed for introduc- 
ing external air to the fuel injection portton of the fuel 
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injection device 18, with a fourth control valve 71 of a 
rotaiy type disposed in the middle of the intake passage 
70 (In this embodiment at the cylinder head 6). In the 
external air outlet portion of the third intake passage 70 
as shown in FIG. 25 in detail, a contracted portbn 70a 
is formed to open to each of bifurcate nozzle ports .18a 
of the fuel injection device 18. In FIG. 25, the numeral 
16 denotes a fuel injection valve to be opened and 
closed at suitable timings. 

[0130] As shown in FIG. 24, the Intake valve 13 and 
the second control valve 17 are respectively driven by 
cams 7a and 7b formed on a cam shaft 7 at suitable 
timings. The rotation of the canri shaft 7 is transmitted 
Jhrough a sprocket 41 , a chain 42, and a sprocket 43 to 
the fourth control valve 71 so as to be opened and 
closed at suitable timings. . 

[0131] Thus, the intake control device of this invention 
comprises the first Intake passage 11, the intake valve 
13, the second intake passage 15, the first and second 
control valves 16 and 17. the third intake passage 70, 
.and the fourth control valve 71 . Its function will be here- 
inunder described In reference to FIGs. 24 and 25. 
[01 32] A 4-cycle engine of this invention completes its 
one cycle, as shown in an indicator diagram of FIG. 28, 
through the intake stroke from (1 ) to (2). a compression 
stroke from (2) to (3). a combustion (explosion) stroke 
from (3) to (4). an expansion stroke from (4) to (5), and 
an exhaust stroke from (5) to (1). When the exhaust 
valve 14 opens at (5) to start the exhaust stroke from 
(5) to (1 ), exhaust gas blows out during the stroke from 
(5) to (6) in which the pressure in the combustton cham- 
ber S lowers down to the atmospheric pressure. 
[0133] Referring to FIG. 27, the operation range (the 
range from idling to full load operation) of the engine 1 
is divided into a low load range, medium )oa6 range, and 
a high load range with respect to the accelerator open- 
ing a. When the accelerator opening a is oq (Idling), the 
first control valve 16 is kept inoperative. This state cor- 
responds to the phantom lined position (a) in FIG. 23 
and the volume of the closed space V In the first intake 
passage 1 1 is kept minimum. 
[0134] In the engine 1 of this invention as shown in 
FIG. 26, when the intake valve 13 is closed at the end 
of a previous cycle and the compression stroke is start- 
ed, the fourth control valve 71 is opened, and immedi- 
ately after that fuel is injected from the fuel injection de- 
vice 18 into the closed space V where mixture of a low 
pressure before the second control valve 17 is opened 
is remaining. The injected fuel and the remaining mix- 
ture mix together to produce rich mixture. Then when 
the second control valve 17 is opened, external air of 
about thi9 atmospheric pressure Is introduced into the 
closed space. Part of external air which is first intro- 
duced mixes with .the remaining mixture and the result- 
ant mixture is subjected to rapid adiabatic compression 
by the external air folbwing the air first Introduced. As 
a result, temperature of the mixture rises and the evap- 
oratbn of fuel is accelerated to enhance thermal effi- 



ciency. Here, external air is introduced through the third 
intake passage 70 wliile fuel is injected from the fuel 
injection device 18. Here, a strong negative pressure is 
prevailing in the closed space V. Since the contracted 

5 portion 70a are provided in the external air outlet portion . 
of the third intake passage 70, external air is blown at a 
high speed to the fuel injection portbn and accelerates 
atomlzation of fuel sprayed out of the nozzle ports 18a. 
Fuel evaporation is further accelerated by the rapb tem- 

10 perature rise described above, and combustbn efTicien- 
cy is further enhanced: 

[0135] When the intake valve 13 is opened and the 

intake stroke is started, the second control valve. 17 re- 
mains cbsed. At this time, change in the negative pres- 

is sure (Intake negative pressure) In the ck>sed space V 
after the intake stroke is started is shown in FIG. 26 with . 
the load as parameter When the fourth control valve 71 
is opened as described above and external air is intro- 
duced in the closed space V, the negative pressure in . 

20 the closed space decreases gradually. Along with this, 
the flow speed of external air introduced Into the ctosed 
space through the fourth control valve 71 decreases, 
and fuel atomlzation deteriorates accordingly. In view of 
this, in this embodiment, it is arranged that fuel injection 

25 Is Started by the fuel injection device 18 from the time 
point immediately after the fourth dorifrol valve 71 be- 
gins to open when the negative pressure in the closed 
Space V is stiil strong. 

[01 36] Since the fourth control valve 71 Is opened by 
30 an amount corresponding to a given crankshaft rotatk^n 
angle and. as shown in FIG. 26, for a preset duration 

which is within the closing duration A of the intake valve 
1 3 and including the duration B from the closing of the 
intake valve 13 to the opening of the second control 

35 valve 17, the effect of introducing external air through 
the third intake passage to the fuel injection portion (en- 
hancing the thermal efficiency by accelerating fuel evap- 
oration) is maintained while obtaining the effect of en- 
hancing the thermal efficiency of the engine by minimiz- 

40 ing the pumping loss. Here, the opening duration of the 
fourth control valve 71 may also be set to include part 
of the duration B. 

[0137] When the piston 3 moves down in the cylinder 
2. the mixture is drawn by vacuum produced In the cyl- 

45 inder 2 from the closed space V in the first intake pas- 
sage 1 1 through the intake valve 1 3 into the cylinder 2. 
[0138] The Intake stroke is over when the piston 3 
reaches the bottom dead center (B.D.C.) in the state of 
(2) in FIG. 28 and the compression stroke is started 

50 when the piston 3 moves up in the cylinder 2. In the com- 
pressbn stroke, the intake valve 13 which has been 
open is closed. The mixture drawn Into the cylinder 2 is 
compressed by the ascending piston 3 to a high pres- 
sure as shown in FIG. 28; ignited by an ignition plug (not 

ss shown) immediately before the piston reaching the top 
dead center (TD.C), and the process moves on to the 
combustion stroke (from (3) to (4) In FIG. 28). When the 
intake valve 1 3 is cbsed as described above at the start 
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of the compressbn stroke ((2) in FIG. 28), the second 
control valve 17 is opened in the meantime, external air 
of at>out the atmospheric pressure is supplied from the 
second intake passage 15 through the second control 
valve 1 7 to the closed space V in the first Intake passage 
11. Part of external air which is first introduced mixes 
with the remaining mixture and the resultant mixture is 
subjected to rapid adiabatic compression by the exter- , 
nal air following the air first introduced. As a result, tem- 
perature of the mixture rises and the evaporation of fuel 
is accelerated to enhance thermal efficiency. Then the 
sufficiently evaporated mixture is drawn into the cylinder 
2 during the intake stroke of the next cycle and subjected 
to combustion. 

[0139] This high pressure combustion gas in the com- 
bustion chamber S produced by the combustion of the 
mixture during the combustbn stroke pushes down the 
piston 3.as it expands (the expansion stroke from (4) to 
(5) in FIG. 28) and blows out with its own pressure (blow 
out of exhaust gas during the stroke from (5) to (6) in 
FIG. 28) when the exhaust valve 14 opens (point (5) in 
FIG. 28). In this embodiment, Since the fourth control 
valve 71 is opened immediately before the start of the 
fuel injection by the fuel injectfon device. 18 to direct the 
external air introduced through the third intake passage 
70 to the fuel injection portion at a high speed, atomiza-. 
tion of fuel sprayed out of the nozzle ports 18a is accel- 
erated, fuel evaporatbn is further accelerated by the en- 
suing rapid temperature rise, and combustion efficiency 
of mixture in the combustion chamber S is enhanced. 
[01 40] When the piston 3 starts moving up again after 
reaching the B;D,C., the combustion gas of about the 
atmospheric pressure remaining in the cylinder is 
pushed, out by the ascending piston 3 to the exhaust 
passage 12 (the exhaust stroke from (6) to (7) in FIG. 
28). 

[0141] Thereafter the same strokes are repeated so 
that the engine is operated continuously. 
[0142] Since the work as shown In FIG. 28 Is ob- 
tained during the one cycle of the compression, com- 
bustion, expansion, and exhaust strokes ((2), (3), (4). 
(5), (6) and (1 ) in FIG. 28) of the engine 1 . and the work 
W2 shown with hatching is lost as a pumping loss. 
Therefore, the indicated work Wj is expressed by the 
equation below. 

(Equation 1) 

Wi = W1-W2 (1) 

[0144] As evident from the above equation, the indi- 
cated work Wj increases if the pumping toss Wg de- 
creases.. As a result, thermal efficiency n of the engine 
1 as expressed by the folbwing equatbn (2) increases 
and the fuel economy is improved. 



(Equatk)n2) 

il=A.Wj/Q . (2) 

• where 

A is the thermal equivalent of work..and 
. Q is the supplied heat. * 

10 . V 

[0146] In this embodiment, since the pressure in the 
ctosed space V formed on the upstream skie of the in- 
take valve 1 3 before it opens is kept at about the atmos- 
pheric pressure, as shown In FIG. 28, the intake stroke 
Is started from about the atmospheric pressure ((1) in' 
FIG. 28). As a result, with this embodiment, the pumping 
toss W2 is made smaller in cornparison to the pumping 
loss Wg' (FIG. 48) of the conventional intake stroke stail- . 
ed from a negative pressure. As a result, the indicated 
work Wj obtained from the equation (1 ) increases, the 
thermal efficiency t| obtained from the equation (2) is 
enhanced, and the fuel economy is irriproved. • . ' . . . 
[01 47] When it is intended to obtain a high power en- 
gine by setting a long pertod of time during which both 
the intake valve 1 3 and the exhaust valve 1 4 are open, 
since the pressure in the ctosed space V is kept at about 
the atmospheric pressure, exhaust gas is less likely to 
flow back into the first intake passage 11 even if both 
the intake valve 13 and the exhaust valve 14 are open. 

^ As a result, exhaust gas is not drawn back into the cont- 
bustion chamber S to make idling operation unstable. 
[01 48] As described before, the first control valve 1 6 
of this embodiment slides to the left as seen In FIG. 23 
as the accelerator opening a increases. Namely, If the 

35 accelerator opening a increases beyond Oq in FIG. 2 (a 
> Oq). the first control valve 16 slides in proportion to the 
accelerator opening a (along the line C in FIG. 24) within 
the first intake passage 11 . As a result, at the accelerator 
opening 0^ in a medium load range for instance, the first 
control valve 16 is at the solid line position (b). and at 
the phantom line position (c) at the full load so that the 
volume of the ctosed space V is further increased. Thus, 
since the volume of the closed space V (namely the 
amount of external air supplied into the closed space V) 
is increased or decreased according to the engine load, 
and an exact amount of air corresponding to the accel- 
erator operatton amount is supplied from the closed 
space V into the combustion chamber S in the cylinder 
2 In a stabilized manner. 

so 49] In this embodiment, the first control valve 1 6 is 
out of the first intake passage 11 as shown In FIG. 23 in 
the high load range (especially at the full toad). Under 
that condition, no ctosed space V is formed in the first, 
intake passage 11 and the external air Is directly intro- 

^ duced into the cylinder 2. ■; 

[01 50] FIG . 26 shows the fuel injection dufBtion by the . 
fuel injection device 18 (opening duration of the fuieil in- 
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jection valve 18b) relative to load as the parameter. As 
shown in the figure, the fuel injection duration (amount 
of injected fuel) is increased according to the increase 
in the load so that mixture of appropriate air to fuel ratio 
is obtained. Here, the amount of external air supplied 
into the combustion chamber S is determined from val- 
ues detected by. an air flow meter (not shown). 
[0151] While in this embodiment the fourth control 
valve is opened and closed mechanically by the cam- 
shaft 7, sprockets 41, 43, and chain 42, it may also be 
arranged as shown in FIG. 23 that the fourth control 
valve 71 is opened only for the duration of fuel injection 
by a controller 60 making the opening and closing tim- 
ings to coincide with those of the fuel injection. In this 
way, the effect of increased thermal efficiency as de- 
scribed before is not hindered. 
[0152] It is also possible to arrange to input detected 
signals from a coolant temperature sensor (not shown) 
into the controller 60 so that the fourth control valve 71. 
is constantly open when the engine coolant temperature 
is tower than a preset value and constantly closed when 
the engine coolant temperature is higher than the preset 
value. In this way, poor fuel atomization at low engine 
temperatures is prevented, ease of starting the engine 
1 in cold climate areas is improved, and cleaning of ex- 
haust emissions in cold start is improved. 
[0153] Here, the term "opening duration" as used in 
this and other embodiments is defined as the duration 
in which the intake valve 1 3 or the second control valve 
17 is lifted. 

[0154] Next, specific examples of the intake control 
system of this invention with the basic principle de- 
scribed above in reference to the tenth embodiment will 
be hereinunder described in reference to the eleventh 
through eigtheenth embodiments. 
[0155] Next, the eleventh embodiment of this inven- 
tion will be described in reference to FlGs. 29 through 
33. FIG. 29 is a side view in cross section of an intake 
control system of the second embodiment of this inven- 
tion, FIG. 30 is a plan view in cross section of the same 
system. FIG. 31 is a plan view partially in cross section 
of a constitution of a drive system of a third control valve 
FIG. 32 is a cross section taken along the line X-X in 
FIG. 31 . FIG. 33 is a graph showing the changes in the 
first control valve travel and the third control valve open- 
ing relative to the accelerator opening. 
[01 56] The engine 1 of this embodiment is of an in line, 
four cylinder, 4 valve type, with each cylinder provided 
with the piston 3 for free vertical sliding and connected 
through the connecting rod 4 to the crankshaft (not 
shown). 

[0157] FIG. 29 also shows the first intake passage 11 
and the exhaust passage 12 provided similariy to the 
first embodiment for each cylinder. These passages are 
open to the combustion chamber S at an intake port 1 Ta 
and an exhaust port 12a respectively opened and 
closed by the intake valve 13 and the exhaust valve 14 
respectively driven by cam shafts 7 and 8 at appropriate 



timings. 

[0158] Similarly to the tenth embodiment, another, 
second intake passage 15 for introducing external air is 
connected by way of a communication passage Z to an 
s intennediate positk)n (near the intake valve 13) on the . 
first intake passage 11. The fuel injection device 18 is. 
provkted on the first intake passage 1 1 (cylinder head 6). 
[0159] As shown in FIG. 29, the first and second in* 
take passages 11 and 15 provided for each cylinder are 
10 connected to a common intake chamber 1 9 connected 
by way of an air flow meter 20 to an air filter 21 . 
[0160] A rod^shaped first control valve 16 is installed 
for free sliding in the first intake passage 11. One end 
of the first control valve 1 6 is formed as a tapered sur- 
is face 16a and its other end extends through the intake 
chamber 19 to the outside. For each cylinder, a closed 
space V is fomned in the first intake passage 11 between 
the first control vaive 16 and the intake valve 13. As 
shown in FIG. 30, each fore-end 16a of the first control 
20 valve 16 is fonmed in a concave shape to minimize the 
volume of the closed space V. As also shown in FIG. 30, 
each first intake passage 11 (cylinder head 6) is provid- 
ed on its side with an adjustment mechanism 22 for pre- 
liminary fine adjustment of the volume of the closed 
space V. ^ . . 

[0161] FIG. 29 also shows an accelerator devk:e 23 
having a lever 25 capable of rotating about a shaft 24. 
with the upper end of the lever 25 connected by way of 
a rod 26 to the end of the first control valve 1 6 extending 
outside the intake chamber 19. 
[0162] The lever 25 is connected at its lower end by 
way of a rod 27 to an accelerator pedal (not shown) and 
urged to the ck)sing side of the accelerator by a return 
spring 28. The numeral 29 in FIG. 26 denotes a stopper 
for restricting the rotation of the. lever 29. 
[0163] Similarly to the tenth embodiment, a second 
control valve 17 is provided at the joint area between 
the first and second Intake passages 11 and 15. The 
second control valve 1 7 is driven by the cam shaft 7 and 
constantly closed when the intake valve 1 3 is open at 
least at a low load, and open constantly or by an opening 
corresponding to a given crankshaft rotatfon angle when 
the intake valve 1 3 is closed. 

[0164] A third control valve 30 is provided in the mid- 
dle of the second intake passage 1 5 (on the upstream 
side of the second control valve 1 7) so as to be driven 
in a low load range Including idling (the range before the 
first control valve 16 is driven) so that its opening is 
changed according to the amount of accelerator opera-. ' 
tton (accelerator opening). 

[0165] The constitution of the third control valve 30 
will be hereunder described in reference to FIGs. 31 and 

32. 

[01 66] One end of the valve shaft 31 of the third con- 
trol valve 30 is connected to a lever 32 urged by a return 
spring 33 to the ctosing side of the third control valve 30. 
[0167] A common rotary shaft 35 is supported for free 
rotatkxi on four intake pipes 34 each constituting the 
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second intake passage 15. One end of the rotary shaft 
35 is connected to a lever 36 connected by way of a 
cable 37 to the accelerator pedal (not shown): 
[0168] A lever 38 is connected at a position between 
two of the four intake pipes 34 as seen in FIG. 28 and 
another lever 38 is similarly connected at a position be- 
tween the rest two intake pipes 34. Each of the levers 
38 Is connected to each of the opposing levers 32 by 
way of an adjustable rod 39, 

[0169] Thus, the intake control device of this embod- 
iment comprises the first intake passage 11, the intake 
valve 13, the second intake passage 15. the first and 
second control valves 16 and 17, and the third control 
valve 30. Its function will be hereinunder described in 
reference to FIG. 33. 

[0170] Referring to FIG. 33, the operaton range of the 
engine 1 Is divided into a bw load range, medium load 
range, and a high load range with respect to the accel- 
erator opening a. When the accelerator opening a is Oq 
(a ^ Oq). the first control valve 16 is kept inoperative, 
corresponding to the solid line position (a) in FIG. 29 
and the volume of the closed space V in the first.intake 
passage 11 is kept minimum. Also in this operation 
range, the opening of. the third control valve 30 is con- 
trolled (along the line D in FIG. 33, by the accelerator 
opening a (engine bad). The third control valve 30 as. 
shown iri FIG. 33 is open to some extent even during 
idling. 

[0171] Also in the engine 1 of this emt)odiment. since 
the second control valve 17 opens as described above 
when the compression stroke is started when the intake 
valve 1 3 is closed, the extemal air of about the atmos- 
pheric pressure introduced by way of the air filter 21 and 
the air flow meter 20 into the intake chamber 19 is sup- 
plied through the second intake passage 15 to the 
closed space V in the first intake passage 11. While in 
this embodiment the second control valve 17 is driven 
by a cam shaft 7 which also drives the intake valve 1 3, 
it may also be driven by a separately arranged cam 
shaft. 

[0172] In the operation range of a being not greater 
than Oq (a ^ Oq), the opening of the third control valve 
30 is controlled as described above in interbcked mo- 
tion with the accelerator operation abng the line D in 
FIG. 33. In other words, when the cable 37 is pulled in 
the direction of the arrow in FIG. 29. the lever 36, the 
rotary shaft 35 and the lever 38 are rotated in a body in 
the direction of the arrow in FIG. 29 (counterclockwise), 
the rotation is transmitted through the rod 39 to the lever 
32 and the valve shaft 31 . and the third control valve is 
opened con-esponding to the accelerator opening a. 
Since the opening of the third control valve 30 is con- 
trolled as described above, the amount of extemal air 
supplied to the closed space V in the low load operation 
range of the accelerator opening a being not greater 
than Oq (a ^ a^) is controlled according to the engine 
load. Since the length of the rod 39 is adjustable, differ- 
ence in opening of the third control valve 30 from cylin- 



der to cylinder is eliminated. 
[0173] When the intake stroke of the currerit cycle is 
started upon opening of the intake valve 1 3 and closing 
of the exhaust valve 14, the second control valve 17 is 
s cbsed as described before and mixture of about the at- 
mospheric pressure Is contained in the closed space V 
Since the mixture is subjected to rapkl adiabatic com- 
pression when extemal air of relatively high pressure Is. 
. introduced through the second control valve 1 7 Into the 
10 cbsed space V, its temperature is raised and evapora-; 
tion of fuel contained in it is accelerated. The mixture in 
the cbsed space V is drawn during.the intake stroke into 
the combustion chamber S, and undeirgoes conipres-. 
sion stroke and combustion stroke In the combustbn 
IS chamber S. While the air flow meter 20 is provided for' 
producing a required air to fuel ratio of mixture, it may 
also be arranged to produce the required air to fuel ratio 
of mixture by providing detection means for detecting 
the pressure in the closed space V.and according to the 
detected results. 

[0174] As didscribed above, since the pressure in the 
cbsed space V formed on the upstream side of the in- 
take valve 1 3 before it opens at least during the lovy load 
range is kept at about the atmospheric. pressure in this 
embodiment, the . intake stroke is started as shown iri 
FIG. 28 from about the atmospheric pressure. As a re-., 
suit, also In this embodiment, the pumping bss W2. is 
made smaller in comparison to the pumping loss W2' 
(FIG. 48) of the conventional intake stroke started from 
a negative pressure. As a result, similarly to the first em- 
bodiment, the thermal efficiency and the fuel economy 
of the engine 1 are Improved. 
[01 75] When it is intended to obtain a high power en- 
gine by setting a bng period of time during which both 
the Intake valve 1 3 and the exhaust valve 14 are openj 
since the pressure in the closed space V is kept at about 
the atmospheric pressure, exhaust gas is less likely to 
flow back into the first intake passage 1 1 even if both 
the intake valve 13 and the exhaust valve 14 are open. 
As a result, exhaust gas is not drawn back into the com- 
bustion chamber S to make idling operation unstable. 
[01 76] As described before, the first control valve 1 6 
of this embodiment slides to the left as seen in FIG. 29 
as the accelerator opening a increases. Namely, if the 
accelerator opening a increases beyond cxq in FIG. 11 
(a > Oq), the opening direction movement of the rod 27 
of the accelerator device shown in FIG. 29 is converted 
to the counterclockwise rotation of the lever 25 about 
the shaft 27, and the first control vatve 16 slides to the 
left as seen in FIG. 29 in proportion to the accelerator 
opening a (along the line C in FIG. 33) within the first 
intake passage 11 . As a result, at the accelerator open- . 
ing In a medium bad range for instance, the first con- 
trol valve 16 is at the phantom line positbn (b) when the 
accelerator opening Is in the medium load range 
shown in FIG. 33 for instance, and at the phantom line 
position (c) in FIG. 29 when the accelerator opening is 
in the high load range so that the volurne of the cbsed 
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space V is further increased. Thus, since the volume of 
the closed space V (namely the amount of external air 
supplied into the closed space V) is increased or de- 
creased according to the erigine toad, and an exact 
amount of air corresponding to the accelerator operation 
amount is supplied from the closed space V into the 
combustion chamber S In the cylinder 2 in a stabilized 
manner. 

[0177] In this embodiment, when the accelerator 
opening a exceeds (a > ac) in the high load range, 
the first control valve 16 is out of the first intake passage 
11 . For Instance, the first control valve 1 6 at the full load 
is located at the phantom line position (d) in FIG. 29, 
with the first intake passage 11 communicated to the in- 
take chamber 19, and the external atr is directly intro- 
duced into the cylinder 2 during thie intake stroke. Here, 
as shown in FIG. 29 , the fore^nd of the first control 
valve 16 is formed as a tapered surface 16a, and the 
internal connecting wall 1 9a of the first intake passage 
1 1 of the intake chamber 1 9 is rounded to avoid sudden 
change in the amount of extemal air introduced into the 
. first intake passage 11 when the first control valve 16 
goes out of the first intake passage 11. 
[01 78] While the third control valve 30 is located in the 
middle of the second intake passage 15, it may also be . 
located on the downstream side of the air flow meter 20 
(Refer to FIG. 35). 

[0179] If the volume of the closed space V can be 
made small enough by the arrangement of the first con- 
trol valve 16 located close enough toward the intake 
valve 13, the amount of air supplied into the closed 
space V can also be made small enough, and therefore 
the third control valve 30 may be omitted. 
[0180] Also In this embodiment, since a third intake 
passage 70 is provided as shown in FIG. 29 and.extemal 
air introduced through the third intake passage 70 is di- 
rected lo the fuel injection portion at a high speed, at- 
omization of fuel sprayed out of the nozzle ports 18a Is 
accelerated as in the case of the first embodiment, fuel 
evaporation is further accelerated by the ensuing rapid 
temperature rise due to the adiabatic compression of the 
mixture, and combustion efficiency of the mixture in the 
combustion chamber S is enhanced. Here, it is neces- 
sary to contract the third control valve 30 and the first ' 
control valve 16 as shown with phantom lines in FIG. 33 
to prevent excessive supply of external air because ex- 
ternal air is also supplied by the third intake passage 70. 
[0181] In this embodiment and other embodiments 
described later, the third intake passage 70 may be ar- 
ranged either for each cylinder of the engine 1 or may 
be a single passage up to the nriiddle and thereafter 
branched for respective cylinders. 
[0182] Next, a modificatfon of the embodiment Is 
shown in FIG. 34 which is a side view in cross section 
of an intake control system of the third embodiment of 
this invention. In the figure, like numerals denote like 
parts as those shown in FIG. 29 and their descriptions 
are omitted. 



[0183] . In the intake control system of the multiple cyl- 
inder engine 1 of this embodiment, the first and second 
Intake passages 11 and 15 are made independent of 
each other, with the first intake passages 11 connected 

5 to each other through an intake chamber 19A on one 
hand, and the second intake passages 15 connected to 
each other through another intake chamber 19B on the 
other. Only the intake chamber 19B is connected 
through the air flow meter 20 to the air filter 21 through 

10 which the external air is introduced. 

[0184] Since the basic principle of the intake control . 
system of this embodiment is the same with that of the 
. eleventh embodiment, the same effect is obtained with 
this embodiment as that of the eleventh embodiment. 

IS However, an additbnal effect of inertia supercharging is 
ajso obtained with this embodiment, which will be here- 
inunder described. . 

[01 85] Since the volume of the closed space V is large 
immediately after the second control vale 17 is opened 

20 in the high bad range, the external air supplied through 
the second control valve 1 7 to the ck>sed space V flows 
away from the intake valve 1 3. As a result, the pressure 
around the intake valve 1 3 is temporarily lower than the 
pressure in the area apart from the intake valve 1 3. 

25 [0186] Next, when the second control valve 17 i / 
closed, the intake valve 1 3 is opened, and the piston 3 
slides down iri the cylinder 2 to produce a negative pres- 
sure in the cylinder 2, the external air supplied to the 
closed space V is now drawn toward the intake valve 1 3 

30 and into the cylinder 2, Here, since the pressure around 
the intake valve 1 3 is lower than the pressure in the area 
apart from the intake valve 13, the external air of a high 
pressure is introduced into the cylinder 2, which is an 
inertia super-charging effect to attain a high charging ef- 

35 ficiency. 

[0187] While the supercharging effect described 
above is obtained not only with multiple cylinder engines 
but also with single cylinder engines, since the individual 
first intake passages 1 1 of this embodiment are connect- 

40 ed each other through the intake chamber 19A, the su- 
percharging effect is accordingly enhanced. This is be- 
cause, immediately after the second control valve 17 is 
opened, the external air flows in the closed space rapidly 
away from the intake valve 1 3 through the second con- 

45 trol valve 17 by the negative pressure effect of intake 
strokes of pistons of other cylinders, and therefore the 
pressure around the intake valve 13 becomes further 
lower than the pressure in the area apart from the intake 
valve 13. 

so [0188] Next, the thirteenth embodiment of this inven- 
tion will be described in reference to FIGs. 35 and 36. 
FIG. 35 is a skJe view in cross sectton of the intake con- 
trol system as the fourth embodiment of this invention. 
FIG. 36 is a graph showing the changes in the openings 

55 of the first and third control valves relative to the accel- 
erator opening. In FIG. 35, like parts as those in FIG. 29 
are provided with like reference numerals and their de- 
scriptions are omitted. 
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[0189] In the intake control system of this embodi- 
ment, the first control valves 16A. 16B and 16C are pro- 
vided at suitable intervals in the first intake passage 11 , 
and the third control valve 30 is provided on the down- 
stream side of the air flow meter 20. s 
[0190] As shown in FIG. 36. when the operation range 
of the engine 1 is divided according to the accelerator 
opening a into the low, medium, and high k>ad ranges. . 
in the low load range of the accelerator opening a being 
Oq or less (a ^ Oq), all the first control valves 1 6 A, 1 SB, io 
1 6C are kept inoperative (in the fully cbsed state). Here, 
the volume of the ck)sed space V In the first intake.pas^ 
sage 14 is kept at a . minimum. Also in this operation 
range, the opening of the third control valve 30 is con- 
trolled (abng the line D in FIG. 36) by the accelerator is 
opening a (engine load). The third control valve 30 as 
shown in FIG. 36 Is open to some extent even during 
idling. 

[01 91 ] Also in the engine 1 of this embodiment, when 
the intake valve 13. is closed at the end of a previous 
cycle and the compresson stroke is started, the second 
control valve 17 opens, and external air introduced 
through the air filter 21, the air flow meter 20, and the 
third control valve 30 into the intake chamber 19 Is sup- 
plied through the second intake passage 15 to the 
closed space V (the space between the first control 
valve 16A and the intake valve 13) in the first exhaust 
passage 11. 

[0192] In the operation range of the accelerator open- 
ing a being Oq or less (a ^ Oq), the opening of the third 30 
control valve 30 is controlled in interlocked motion with 
the accelerator operation along the line D i FIG. 36, 
which will be hereinunder described. 
[01 93] In this embodiment, since the first control valve 
1 6A is not located close enough to the intake valve 1 3, 3S 
the volume of the closed space V cannot be made small. 
As a result, if the pressure in the closed space Vis about 
the atmospheric pressure when the intake valve 13 is 
opened, the amount of external air taken into the cylin- 
der 2. especially during idling, becomes excessive, and 40 
more amount of fuel is required to maintain a suitable 
air to fuel ratio of mixture. As a result, the output of the 
engine 1 becomes excessive, the idling revolution In- 
creases, noise level increases, and the fuel economy is 
lowered. ^s 
[0194] For that reason, the third control valve 30 is 
provided so as to be opened to some extent during idling 
as described above, and to restrict the amount of air 
supplied to the closed space V. 

[01 95] The third control valve 30 may also be provided so 
in each of the second intake passages 15 for each cyl- 
inder as in the second embodiment (Refer to FIG. 29). . 
Also, if the volume of the closed space V can be made 
small because of the location of the first contiol valve 
1 6 A close enough to the intake valve 1 3, the third control ss 
valve 30 may be omitted. 

[0196] In this cycle, when the intake stroke is started 
with the opening of the intake valve 1 3 and simultaneous 
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ctosing of the exhaust valve 1 4, the second control valve 
17 Is closed and mixture of about the atmospheric pres- 
sure is contained in the closed space V. The mixture in 
the closed space is supplied to the combustion chamber 
S and, after being subjected to the compressbn stroke, 
undergoes combustbn in the combustion chamber S. 
[0197] Iri thls embodiment as described above, since 
the pressure in the cbsed space V before the intake 
valve 1 3 opens at least in the low toad range of the ac- 
celerator opening a being equal to or greater than Oq is 
kept about the atmospheric pressure, as shown in FIG. 
28. the intake stroke Is started from about the atrhos- 
pheric pressure. As a result, the pumping loss W2 (Refer 
to FIG. 28) is kept low, engine efficiency is enhanced, 
and fuel economy is improved. 
[0198] When the accelerator opening a exceeds oq 
(a > Oq). the opening of the first control valve 16A in-; 
creases in proportion to the accelerator opening .a : 
(along the line C/^ in FIG. 36). When the accelerator 
opening, a reaches a^. in the mediurri load range as 
shown in FIG. 36, the first control valve 1 6 A is wide open 
and the next first control valve 168 begins to open. The 
opening of the first control valve 1 68 increases with the . 
increase In the accelerator operiing a along the line Cq 
In FIG. 14, and when it reaches Og in the high load 
range, the first control valve 168 is wide open, and the 
next first control valve 1 6C begins to open. The opening 
of the first control valve 16C Increases with the increase 
in the accelerator opening a along the line in FIG. 
36, and becomes wide open at the full load. Therefore, 
at the full load, all the first control valves 16A, 16B, and 
16C are widei open, the first intake passage 11 is con- 
nected to the intake chamber 1 9, and the external air is 
introduced during the intake stroke directly through the 
first intake passage 11 into the cylinder 2. 
[0199] This embodiment may also be applied to ah 
engine with an intake system supercharger 40 as shown 
in FIG. 35 so as to provide supercharging effect in the 
medium and higher load ranges. In that case, knocking 
is effectively prevented from occurring because temper- 
ature rise in mixture due to the supercharging effect at 
the end of the compression stroke can be restricted by 
cooling effect of the Miller cycle. 
[0200] Also in this embodiment, while the third intake 
passage 70 may be arranged as shown in FIG. 35 to 
accelerate fuel atomization, it is necessary to contract 
the third control valve 30 and the first control valve 16 
as shown with phantom lines in FIG. 36 to prevent ex- 
cessive supply of external air because external air is al- 
so supplied by the third intake passage 70. 
[0201] Next, a modification of the thirteenth embodi- 
ment is shown in FIG. 37. FIG. 37 is a. side view in cross 
section of the intake control system as the fourth em- 
bodiment of this invention. In FIG. 37 like parts as those 
in FIG. 35 are provided with like reference numerals and 
their descriptions are omitted. 
[0202] The intake control system of this. embodiment 
is a modification of the thirteenth embodiment shown in 
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Fig. 35 in which the first and second intake passages 11 
and 1 5 are made independent of each other, with the 
first intake passages 11 connected to each other 
through an intake chamber 19A on one hand, and the 
second intake passages 15 connected to each other 
through another intake chamber 19B on the other. 
[0203] Since the bask; principle of the intake control 

. system of this embodiment is the same with that of the 
fourth embodiment, the same effect is obtained with this 
embodiment as that of the thirteenth embodiment. How- 
ever, an additbnal effect of inertia supercharge eiffect is 
also obtained with this emt>odiment as described on the 
twelfth embodiment. 

.[0204] Next, the frfteenth embodiment will be de- 
scribed in reference to FlGs. 38. and 39: FIG. 38 is a 
side view in cross sectkMi.of the intake control system 
as the fifteenth erhbodiment of this invention. FIG. 39 is 
a graiph showing the changes In the openings of an 

" opiBning-closing valve and the third control valve and the 
change in the piston travel of a variable volume mech- 
anism relative to the accelerator opening. In FIG. 38, 
like parts as those in FIG. 29 are provided with tike ref- 
erence nuhnerals arid their descriptions are omitted. 
[0205] In this embodiment of the intake control system 
as shown in FIG. 38, a variable volume mechanism 50 
is provided on the downstream side of the opening-clos- 
ing valve 16 disposed in the first intake passage 11 for 
each cylinder. In this enribodiment, the opening-closing 
valye 16 and the variable volume mechanism 50 (cor- 
responding to the first control valve (16A through 16C) 
in the tenth through fourteenth embodiments) constitute 
the first control means. 

[0206] The variable volume mechanism 50 is for in- 
creasing and decreasing the volume of the closed space 
V produced in the first intake passage 11 according to 
the accelerator opening, and comprises a piston 52 dis- 
posed for free vertical sliding within a cylinder 51 com- 
municated to the first intake passage 11 and linked 
through a rod 53 to the accelerator device (not shown). 
[0207] As shown in FIG . 39, when the operation range 
of the engine 1 Is divided according to the accelerator 
opening a into the tow, medium, and high toad ranges, 
in the low load range of the accelerator opening a being 
olq or less (a ^ ccq), the first control valve 16 and the 
variable volume mechanism are kept inoperative with 
the first control valve 16 fully closed and the piston 52 
of the variable volume mechanism 50 at the bottom po- 
sition in the cylinder 51 . Here, the volume of the closed 
space V is kept at a minimum. Also in this operation 
range, the opening of the third control valve 30 is con- 
trolled (along the line D in FIG. 39) by the accelerator 
opening a (engine k)ad). The third control valve 30 as 
shown in FIG. 39 is open to some extent even during 
idling. 

[0208] Also in this emtxxiiment. when the intake valve 
.1 3 is closed at the end of a previous cycle and the com- 
pression stroke is started, the second control valve 17 
opens and external air introduced through the air filter 



21 and the air flow meter 20 is supplied through the sec- 
ond Intake passage 1 5 to the closed space V in the first 
exhaust passage 11. 

[0209] When the intake stroke of the current cycle is 
. started with simultaneous opening of the intake valve 
1 3 and closing of the exhaust valve 1 4, the second con- 
trol valve 17 is closed, and air from outside Is contained 
in the closed space V. An appropriate amount of fuel is 
injected through the fuel injection device 18 to the con- 
tained air to produce mixture of a required air to fuel ra- 
X\o. The mixture after being subjected to the compres-. 
sk5n stroke undergoes . combustion In the combustion 
. chamber S. 

[0210] In this embodiment as described above, since 
the pressure. in the closed space V is kept about the at- 
mospheric pressure before the intake valve 1 3 opens at 
least in the k>w load range of the accelerator opening a 
being equal to or greater than olq, as shown In FIG. 6, 
the intake stroke is started from about the atmospherk; 
pressure. As a result, the pumping loss W2 (Refer to 
FIG. 6) Is kept low, engine efficiency is enhanced, and 
fuel economy is improved. 

[02 1 1 ] When the accelerator opening a exceeds Oq 
(a > cxq), the variable volume mechanism 50 is actuated 
and the piston 52 of the variable volume mechanism 50 
slides upward within the cylinder 51 (along the line E in 
FIG. 39) in proportion to the accelerator opening a. As 
a result, the volume of the closed space V increases 
gradually. When the accelerator opening a reaches ct^ 
in the high load range as shown in FIG. 39 and the piston 
52 reaches the top limit, the first control valve 16 begins 
to open. The opening of the first control valve 16 increas- 
es with the increase in the accelerator opening a along 
the line C in FIG. 39. and is wide open at the full load. 
Therefore at the full load, the first intake passage 11 Is 
connected to the intake chamber 1 9. and the .external 
air is introduced du ring the intake stroke directly through 
the first intake passage 11 into the cylinder 2. 
[0212] Also in this embodiment, the third intake pas- 
sage 70 may be arranged as shown in FIG. 38 to accel- 
erate fuel atomization. In that case, the openings of the 
third control valve 30 and the opening-closing valve 16 
and the piston travel of the variable volume mechanism 
50 are controlled as shown with phantom lines in FIG. 
39 relative to the accelerator opening a. 
[0213] A modification of the fifteenth embodiment is 
shown in Fig. 40 . FIG. 40 Is a side view in cross section 
of the intake control system as the seventh embodiment 
of this invention. In FIG. 18, like parts as those in FIG. 
38 are provided with like reference numerals and their 
descriptions are omitted. 

[0214] The intake control system of this embodiment 
Is a modlficatton of the fifteenth embodiment shown in 
Fig. 38 in which the first and second intake passages 11 
and 15 are made independent of each other, with the 
first intake passages 11 connected to each other 
through an intake chamber 1 9A on one hand, and the 
second intake passages 15 connected to each other 
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through another intake chamber 19B on the other. 
[0215] Since the basic principle of the intake control 
system of this embodiment is the same with that of the 
sixth embodiment, the same effect is obtained with this 
embodiment as that of the sixth embodiment. An add!- 5 
tional effect of inertia supercharge effect is also obtained 
with this embodiment as described on the third embod- 
iment. 

[0216] Next, the seventeenth embodinient of this in- 
vention will be described in reference to FIGs. 41 and io 
42. FIG. 41 is a side view in cross section of the intake 
control system as the eighth embodiment of this inven- 
tion. FIG. 42 is a graph showing the changes in the 
openings of the first and third control valves relative to 
the accelerator opening. In FIG. 19, like parts as those 
in FIG. 40 are provided with like reference numerals and 
their descriptions are omitted. 
[0217] In the intake control system of this embodiment 
as shown in FIG. 41, the first and second intake pas- 
sages 11 and 15 are made independent of each other, ^ 
with the first intake passages 1 1 connected to each oth- 
er through an intake chaoiber 1 9A on one hand, and the 
second intake passages 15 connected to each other- 
through another intake chamber 1 9B on the other. 
[0218] A first control valve 16 of a rotary type is pro- 2S 
vided in the mkJdle of the first intake passage .11. A 
closed space V in the first intake passage 11 is formed 
between the first control valve 16 and the intake valve 
13. . 

[0219] As shown in FIG. 39, when the operation range 30 
of the engine 1 is divided according to the accelerator 
opening a into the low, medium, and high toad ranges, 
in the low load range of the accelerator opening a being 
Oq or less (a ^ cxq), the first control valve 16 Is l^ept in- 
operative (in the fully closed state), corresponding to the 35 
solid line position (a) in FIG. 38. Here, the volume of the 
closed space V in the first intake passage 1 1 is kept at 
a minimum. Also in this operation range, the opening of 
the third control valve 30 is controlled (along the line D 
in FIG. 39) by the accelerator opening a. The third con- 40 
trol valve 30 as shown in FIG. 39 is open to some extent 
even during idling. 

[0220] Also in the engine 1 of this embodiment, when 
the intake valve 1 3 is closed at the end of a previous 
cycle and the compression stroke is started, the second ^5 
control valve 17 opens and external air introduced 
through the air filter 21 and the air flow meter 20 is sup- 
plied through the second intake passage 15 to the 
closed space V in the first exhaust passage 11. 
[0221] When the intake stroke of the current cycle is so 
started with the opening of the intake valve 13 and the 
closing of the exhaust valve 1 4, the second control valve 
17 is closed, and mixture of a specified air to fuel ratio 
is contained in the cbsed space V. The mixture is sup- 
plied to the combustion chamber S and. after being sub- ss 
jected to the compression stroke, undergoes combus- 
tion in the combustion chamber S. 
[0222] In this embodiment as described above, since 



the pressure in the cbsed space V is kept at about the 
atmospheric pressure before the intake valve 13 opens 
at least in the tow toad range of the accelerator opening 

a being equal to or greater than Oq, as shown in FIG. 6, 
the iritake stroke is started from about the aitmospheric 
pressure.. As a result,. the pumping \oss Wg (Refer to 
FIG. 26) is kept tow, engine efTtciency is enhanced, and 
fuel economy Is improved. 

[0223] When the accelerator opening a exceeds ocq 
(a > Oo), the first control valve 16 begins to open with 
the opening changing along the line C in FIG. 42 in pro- - 
portion to the accelerator opening a In other words, ttie . 
first control valve 16, at an accelerator opening in the. 
medium toad range in FIG. 20 for instance., is In the 
phantom line position (b), and at the full load the valve' 
16 is wide open at the phantom line positton (c) in FIG. 
41 . Therefore at the full load, the first intake passage .11 
is conneicted to the intake chamber 1 9A, and the exter- ; 
nal air is introduced during the intake stroke directly - 
through the first intake passage 1 1 into thi9 cylinder.2. 
[0224] Also in this embodiment, the third intake pas- 
sage 70 may be arranged as shown in F|G. 41 to aqcel- 
erate fuel atomization. In that case, the openings of the . 
third control valve. 30 and the first control valve .16 and . 
the piston travel of the variable volume mechanism 50 
are (X>ntrolled as shown with phantom lines in FIG.. 42 
relative to the accelerator opening a. 
[0225] When a variable compression mechanism 
(Not shown. For details refer to Tokkai Hei 4-241740) is 
combined with any of the eight embodiments described 
above, a pressure indicator diagram is obtained as 
shown in FIG. 40. According to this, while the pumping, 
loss W2 increases by a small increment AWg due to the 
increase in the combustton chamber volume AV, the 
work increases by an increment AW^ of an increas- 
ing ratio higher than that of the increment AW2- As a 
result, the work Wj on the diagram expressed by the 
equation (1 ) increases, and the thermal efficiency j\ cal- 
culated by the equation (2) increases to further improve 
fuel economy. 

[0226] The ninth embodiment of this Invention will be 
hereunder described in reference to FIGs. .44 through 
47. FIG. 44 is a schematic cross section of a basic struc- 
ture of an intake control system as the ninth embodiment 
of this invention. FIG. 45 is a graph showing the changes 
in the travel of the first control valve and opening dura- 
tion of the second control valve relative to the acceler- . 
alor opening. FIG. 46 is a diagram showing the changes 
in opening areas of the intake valve, exhaust valve, and 
second control valve relative to the accelerator opening. 
FIG. 47 is a pressure indk:ator diagram of the engine at 
a low load. 

[0227] .The intake control system of this embodiment 
is a nrxxlification of the first embodiment in yyhich the 
opening duration of the second control valve 1 7 at least 
at a low load is increased or decreased according'to the. 
accelerator operation amount (accelerator opening). 
Therefore in FIG. 44, like parts as those in FIG. 23 are 
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provided with like reference numerals and they wilt be 
hereinunder described. 

[0228] In FIG. 44 are shown a controller 60, acceler- 
ator opening detection means 61, and crankshaft rota- 
tion angle detection means 62. The second control valve 
17 in this embodiment Is opened and closed by a sole- 
noid 63. 

[0229] While thermal efficiency of the engine 1 is im- 
proved also in this embodiment by the same effect as 
that of the first embodiment, the opening duration of the 
second control valve 1 7 relative to the accelerator open- 
ing a is controlled to follow the line F in FIG. 45 partrc- 
ularly in.the low load range (the operatk>n range before 

Jhe first control valve 16 opens) with the accelerator 
opening a being equal to or smaller than a^{a^ a^). 
[0230] In other words, signals of an accelerator open- 

• ing a detected by the accelerator opening detection 
means 61 and a crankshaft rotation angle 0 detected 
by the crankshaft rotatbn angle detection means 62 are 
input into the controller 60. The controller 60. after the 
intake valve 1 3 is closed as shown in FIG. 46, sends a 

■ control signal to the solenoid 63 to open the second con- 
trol valve 1 7 for a duration (for the duration correspond- 
ing to the crankshaft rotation angle AO in FIG. 46) cor- 
responding to the current accelerator opening a In FIG. 
46. the bent line G shows the change In the opening 
area of the second control valve 17 driven by the sole- 
noid 63 as in this embodiment. 
[0231] FIG 46 shows the change in the pressure P in 
the closed space V after the second control valve 17 is 
opened with the accelerator opening a being cxq. Here, 
the opening duratbn of the second control valve 17 is 
set so that the second control valve 17 is closed when 
the pressure P in the closed space V reaches the max- 
imum value 

[0232] By controlling the opening duration of the sec- 
ond control valve 1 7 as described above, the pressure 
at the beginning of the intake stroke can be maintained 
positive as shown in FIG. 47 when the accelerator open- 
ing a is Oo- As a result, the pumping loss Wg can be 
further reduced, the efficiency of the engine 1 is further 
improved, and the fuel economy Is further improved. 
[0233] It may also be arranged in the medium and 
high load ranges where the accelerator opening a ex- 
ceeds (a > Oq) that the opening duration of the sec- 
ond control valve 17 is either held constant at the value 
when the accelerator opening a is Oq or changed along 
the broken line F' in FIG. 45. 

[0234] Also in this embodiment, the third intake pas- 
sage 70 may be arranged as shown in FIG. 44 to accel- 
erate fuel atomization. In that case, the travel of the first 
control valve 16 and the opening duration of the second 
control valve 17 are controlled as shown with phantom 
lines in FIG. 45. relative to the accelerator opening a. 
[0235] As evident from the descriptk>n above, at least 
at a low load, the pressure on the upstream side of the 
intake valve is kept at about the atmospheric pressure 
before the intake valve is opened because the the sec- 



ond control valve is opened while the intake valve is 
ck^sed and external air of about .the atmospheric pres- 
sure is supplied through the second intake passage into 
the closed space between the first control means and 
s the intake valve. As a result, the pumping k)ss is re- 
duced, the thermal efficiency of the engine is increased,, 
and the fuel economy is improved. 
[0236] The amount of external air supplied to the first 
intake passage in a tow load condition before the first 
control valve is driven is increased or decreased accord- 
ing to the accelerator operation amount by means of the 
third control yalve. As a.result, even when the minimum 
volume of the closed space cannot be made, small 
enough for structural reasons before the first control 
valve is driven In the low load range including idling, the 
amount of air supplied to the closed space is prevented 
fi-orn becoming excessivia and the amount of air supplied 
to the combustion chamber is optimized. 
[0237] Moreover, in addition to the effect obtained as 
described above, an effect of further reducing the pump- 
ing loss Is obtained by increasing the intake pressure at 
the start of the intake stroke because it is possible to 
arrange that the second control valve is closed when the 
pressure of external air supplied when the second con- 
trol valve is opened to the cbsed spacain the ftrst Intake 
passage reaches a maximum (positive) pressure. 
[0238] After the second control valve is closed, the in- 
take valve is opened, and mixture in the closed space 
is drawn into the cylinder, fuel is injected from the fuel 
injection device into the closed space where low pres- 
sure mixture before the second control valve is opened 
is remaining. After the injected fuel and the remaining 
mixture are mixed together and rich mixture is produced, 
the second control valve is opened and external air of 
about the atmospheric pressure is introduced into the 
closed space. As a result, the air first introduced and the 
mixture are mixed together and subjected to rapid adi- 
abatic compression by the air introduced in succession. 
As a result, temperature of the mixture rises to bring 
about the effect to accelerate the evaporation of fuel in 
the mixture and enhance thermal efficiency. 
[0239] Furthermore, external air is introduced through 
the third intake passage while fuel is injected from the 
fuel injection device. Here, a strong negative pressure 
is prevailing in the closed space. Since the contracted 
portion is provided in the external air outlet portion of 
the third intake passage, external air is blown at a high 
speed to the fuel injection portion and accelerates fuel 
atomization. Asa a result, an effect is obtained that fuel 
evaporation is further accelerated by the rapid temper- 
ature rise described above, and combustion efficiency 
is further enhanced. 

[0240] Since the fourth control valve is opened by the 
amount corresponding to a given crankshaft rotation an- 
gle, the effect of the invention of claim 1 (enhancing the 
thermal efficiency of the engine by minimizing the pump- 
ing loss) is maintained vyhile obtaining said effect (en- 
hancing the thermal efficiency by accelerating fuel evap- 
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oration). 

[0241] Finally, an effect is obtained that fuel atomiza- 
tion is prevented from deteriorating when the erigine . 
temperature Is low, the ease of engine start in cold areas 
is improved, and cleaning of exhaust emissions during s 
a cold start is improved. 



Claims 

ip 

1. Internal combustion engine of the fourcycle type, . . 
comprising: 

a cylinder (2) having a cylinder bore with a pis- 

ton (3) sMdably received therein to define a 'is . 

combustion chamber, . 

an intake passage arrangement (11,15) for ; , 
supplying air into said combustion chamber 
and an exhaust passage arrangement (12) fpr 
dischargin g combustion gas from said combus- .20 

tion chamber, . 2. 
. at least one intake valve (1 3) and one exhaust 
valve (14) for opening and ctosing the commu- 
nication of said Intake and exhaus|t passage ar- 
rangements (11.15;12) with said combustion 25 
chamber, 

said intake passage arrangement (1 1 , 1 5) being 
provided with a second control valve means ' 
(17) disposed upstream from said intake valve 
(13), for opening and closing the intake pas- 30 3. 
sage arrangement (11,15) at least partially, 
said second control valve means (17) being 
opened and closed substantially anti-cyclically 
with respect to the intake valve (13), i.e said 
second control valve means ( 1 7) being opened 35 4. 
when said intake valve (13) being closed and 
being closed when said intake valve (1 3) being 
opened, 

a first control valve means (16,50) being pro- 
vided for varying the volume of a portion (V) of 40 
the intake passage arrangement (11,15) up- 5. 
stream from said intake valve (13) and down- 
stream from said second control valve means 
(17). 

45 

characterized in that 



for varying the volume of saki portion (V) of the 
first intake passage (11) including the commu- 
nication thereof with said second intake pas- 
sage (1 5) in response to an accelerator opera- 
tion for controlling the engine, 
sakl first control valve means ( 1 6) is adjustable 
between positions (a) for defining a low volume 
of said portion (V) of the first, intake passage 
(11) for low load conditions of the engine, and 
. positions (b) for defining a large volume of said 
intake passage portk>n (V) for intermediate en- 
gine toad condittofis, and a position (c) for com- . 
municating the first intake passage (1 1 ) with the 
surrounding in parallel vyith the second intake 
passage (1 5) or for commijnicating the first in- 
take passage (11) with a first intake, chamber 
(1 9A). whereas the second intake passage (1 5) 
communicates with a separate second intake : 
chamber (1 9B), for high engine load conditions. 

Internal combustion engine according to claim 1, 
characterized in that at least under low load oper- 
ating condittons, said second control valve nneans . 
(17) is in its closing position when said Intake valve 
(1 3) is open and in its opened position either con- 
istantly or for a period corresponding to a predeter-. 
mined crankshaft rotation angle (AO), when said in- 
take valve (1 3) is closed. 

Internal combustion engine according to claim 2, 
characterized in that said second control valve 
means includes a poppet valve (17) operated by an 

intake cam shaft (7). 

Internal. combustion engine according to claim 1 or 
2, characterized in that said second control valve 
includes a control valve (17) operated by a solenoid 
(63) in response to an accelerator operation for con- 
trolling the engine. 

Internal combustion engine according to at least 
one of claims 1 to 4, characterized In that a con- 
troller (60) is provided for adjusting the opening pe- 
riod of said second control valve means (17) at least 
under low load engine conditions in response to the 
accelerator operation. 



said intake passage arrangement comprises a 
first intake passage (11) communicated with 
the combustion chamber via the intake valve so 
(13) and a second intake passage (15) being 
commiunicated with said first intake passage 
(11) upstream from said intake valve (13), 
said second control valve means (1 7) is provid- 
ed for opening and closing the second iritake ss 
passage ( 1 5) opening into said first intake pas- 
sage (11), 

said first control valve means (16) is provided 



6. Internal combustion engine according to at least 
one of claims 1 to 5, characterized In that said first 
control valve means includes a piston valve means 
(16) slidable in said first intake passage (11) be- 
tween positions (a, b) corresponding to different vol- . 
umes of the intake passage portion (V) between the 
intake valve (13) and the piston valve means (16) 
and a position (c) communicating the first- intake 
passage (11) with the surrounding In parallel with 
the second intake passage (15). . 
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7. Internal combustion engine according to at least 
one of claims 1 to 5, characterized In that said first 
control valve means (16) includes a plurality of 
throttle valves (ISA. 16B, 16C) disposed in series 
in said first intake passage (1 1 ) upstream from the s 
communication thereof with the second Intal^e pas- 
sage (15), each of said throttle valves (16a. 16b, 
16c)beingadaptedtoop.enandclosethefirstintake 
passage (11 ) in response to an accelerator opera- 
tion for controlling the engine. 

8. Internal combustion engine according to at least 
one of claims 1 to 5, characterized In that said first 

. control valve means includes a piston mechanism 
(50) for varying the volume of the intake passage 
portion (V) in which the first Intake passage (11 ) is 
communicated with the second intake passage (15) 
and a throttle valve (16) disposed in said first intake 
passage (11) upstream from said piston mechan ism 
(60). 20 

.9. Intemal combustion engine according to at least 
one of claims 1 to 5, characterized In that the first 
control valve means . includes a rotatory control 
valve (16). . . 

10. Internal combustion engine according to at least 
one of claims 1 to 9. characterized in that a third 
control valve (30) is provided in the second intake 
passage (15) upstream from the second control 30 
valve means (17) for controlling the flow of air 
through said second intake passage (15) in re- 
sponse to the accelerator operation for controlling 
the engine. 

35 

11. Intemal combustion engine according to claim 10, 
characterized in that said third control valve (30) 
is adjustable in the low load range of the engine in 
response to the accelerator operation between a 
partially opened position corresponding to the idling 40 
condition of the engine and a fully opened position 
corresponding to the transition from the low load 
range to the intermediate load range of the engine. 

12. Internal combustion engine according to at least -^s 
one of claims 1 to 11, characterized in that a fuel 
injection device (18) is provided for Injecting fuel in- 
to the intake passage arrangement (11. 15) up- 
stream from the intake valve (13). 

so 

13. Intemal combustion engine according to claim 12, 
characterized In that the fuel injection device (1 8) 
is associated with the first Intake passage (11) tor 
injecting fuel into the same downstream from' the ' 
firstcontrol valve means (17). " 55 

14. Internal combustion engine according to claim 12 
or 1 3. characterized In that a controller (60) is pro- 



vided for controlling the fuel injectkDn device (1 8) to 
inject fuel at least during low load operating condi- 
tions when the intake valve (13) and the second 
control valve means (17) are in their ctosing posi- 
tions. • 

. 15. Internal combustion engine according to claim 14, 
• characterized in that a fuel injection period of the 
fuels injection device is adjusted in response to en- 
gine load. 

16. Internal combustbn engine according to at least 
one of claims i 2 to 1 5, characterized In that a third 
intake passage (70) is provided for supplying intake 
air to a fuel injection portion (18a) of said fuel Injec- 
tion device (18). 

17. Internal combustion engine according to claim 16, 
characterized In that said third intake passage 

(70) is provided with an orifice at its end at the fuel 
injection device (18). 

18. Internal connibustion engine according to claim 16 
or 1 7. characterized in that a fourth control valve 

(71 ) is. provided in said third intake passage (70) for 
controlling the airflow therethrough. 

19. Internal combustk>n engine according to claim 18, 
characterized In that said fourth control valve (71) 
is operated through the intake cam shaft (7). 

20. Internal combustion engine according to claim 18 
or 19, characterized In that said fourth control 
valve (71) is opened for a period corresponding to 
a predetermined crank shaft rotation angle when 
the intake valve (1 3) is in its closed position and be- 
fore the second control valve means (17) is in its 
opened position. 

21. Internal combustion engine according to claim 18 
or 1 9, characterized in that a control unit connect- 
ed to a solenoid for operating the fourth control 
valve (7 1 ) is provided for controlling the opening pe- 
riod and timing of said fourth control valve (71) in 
accordance with the operation of the fuel injection 
device (18). 

22. Internal combustion engine according to at least 
one of claims 1 8 to 21 , characterized in that a tem- 
perature control unit is provided for opening said 
fourth control valve (71) when an engine coolant 
temperature is beiow a preset value and for closing 
said fourth control valve (71) when said coolant 
temperature is higher than said preset value. 



24 



47 



EP0 690 214 B1 



48 



PatentansprQche 

1. Viertakt-Brennkraftmaschine, die umfasst: 

einen Zyllnder (2) mit einer Zylinderbohrung, in s 
der. ein Kolben (3) zur Bestimmung einer 
Brennkammer gleitbar aufgenommen ist. 
eine Einlasskanal-Anordnung (11,15) zum Zu- 
fuhren von Luft in die Brennkannmer und eine 
Auslasskanal-Anordnung (12) zum Entlassen io 
von Verbrennungsgas von der Brennkammer, 
mindestens ein Einlassventil (13) und ein Aus- 
lassventi) (14) zum Offnen und VerschlieBen 
der Verbindung der Einlass- und def Austas- 
skanal-Anordnungen (11. 15; 12) mit der is 
Brennkammer, 

wobeidie Einlasskanal-Anordnung (11, 15) mit , 
einem zweiten, zustromseitig von dem Ein- 
lassventil (1 3) angeordneten Steuerventilmtttel 
(17) versehen ist, urn die Einlasskanai-Anord- 20 
nung (11 . 15) zurnindestteilweisezu offnen und 

. zu schlie3en, ' * • 

welches zweite Steuerventilmittel (17) im we- 
sentlichen antizyklisch rnit Bezug auf das Ein- 
lassventil (1 3) geoffnet und geschlossen wird, 
d.h. das zweite Steuerventilmittel (17) geoffnet, 
wird, wenn das Einlassventil (13) geschlossen 
wird, und geschlossen wird, wenn das Ein- 

. lassventil (13) geoffnet wird, 
ein erstes Steuerventilmittel (16, 50) vorgese- 30 
hen ist, um das Volumen eines Abschnittes (V) 
der Einlasskanal-Anordnung (11, 15) zustrom- 
seitig von dem Einlassventil (13) und abstrom- 
seitig von dem zweiten Steuerventilmittel (17) 
zu verandem, 

dadurch gekennzeichnet, dass 

die Einlasskanal-Anordnung einen ersten Ein- 
lasskanal (11), der mit der Brennkammer uber 40 
das Einlassventil (13) verbunden ist, und einen 
zweiten Einlasskanal (15) umfasst, der mit dem 
ersten Einlasskanal (11) zustromseitig von dem 
Einlassventil (1 3) verbunden ist, 
das zweite Steuen/entilmlttel (17) zum Offnen ^5 
und SchlieOen des in den ersten Einlasskanal 
(11) mundenden zweiten Einlasskanals (15) 
vorgesehen ist, 

das erste Steuen/entilmlttel (16) vorgesehen 
ist, um das Volumen des Abschnittes (V) des so 
ersten Einlasskanals (11), der die Verbindung 
desselben mit dem zweiten Einlasskanal (15) 
enthalt, in Reaktion auf eine Gaspedalbetati- 
gung zum Steuem der Maschine zu verandern, 
das erste Steuerventilmittel (16) zwischeri Po- ss 
sitioneh (a) zum Bestimmen eines riiedrigen 
Volumens des Abschnittes (V) des ersten Ein- 
lasskanals (11) fur Niedrig-Last-Bedingungen 



der Maschine. Positionen (b) zum Bestimmen 
eines gro3en Volumens des Einiasskanal-Ab- 
schnittes (V) fOr Zwischen-Last-Bedingungen 
der Maschine, und einer Position (c) zum Ver- 
binden des ersten Einlasskanals (11) mit der 
Umgebung parallel zu dem zweiten Einlasska- 
nal (15) Oder fur das.Verbinden des ersten Ein- 
lasskartals (1 1 ) mit einer ersten Einlasskammer 
(19A) verstellbar ist, wahrend der zweite Ein- 
lasskanal (15) sich mit einer separaten zweiter) 
Einlasskammer (1 9B) verbindet. f Or Hoch-Last- 
Bedingungen der ^4aschine. 

2. Brennkraftmaschine nach Anspnjch 1, dadurch 
gekennzeichnet, da5 mindestens unter Niedrig* 
Last-Betriebsbedingungen das zweite Steuerventil- 
mittel (17) in seiner geschlossenen Position ist. 
wenn das Einlassventil (1 3) often Ist, und entweder : 
konstant Oder wahrend eines einem vorgegebenen 
Kurbelwellen-Drehwinkel (A6) entsprechenden 
Zeitabschnittes in seiner geoffneten Position ist, 
wenn das Einlassventil (13) geschlossen Ist. 

3. Brennkraftmaschine nach Anspruch 2, dadurch 
gekennzeichnet, daO das zweite Steuerventilmit- 

. tel ein durch eine Einlass-Nockenwelle (7) betatig- 
tes Tellerventil (17) enthalt 

4. Brennkraftmaschine nach Anspruch 1 oder 2. da- 
durch gekennzeichnet, da(J das zweite Steuer- 
ventil ein durch einen Elektromagneten (63) in Re- 
aktion auf eine Gaspedalbetatigung zum Steuern 
der Maschine betatigtes Steuerventil (17) enthalt. 

5. Brennkraftmaschine nach mindestens einem der 
Anspruche 1 bis 4, dadurch gekennzeichnet, daO 
eine Steuerung (60) vorgesehen ist zum Einstellen 
der Offnungszeitlange des zweiten Steuerventllmlt- 
tels (17) mindestens unter Niedrig-Last-Bedingun- 
gen der Maschine in Reaktion auf die Gaspedalbe- 
tatigung. 

6. Brennkraftmaschine nach mindestens einem der 
Anspruche 1 bis 5, dadurch gekennzeichnet, daf) 

das erste Steuerventilmittel ein Kolbenventilmittel 
(16) enthalt, das in dem ersten Einlasskanal (11) 
zwischen Positionen (a. b) gleitbar ist. die uner- 
schiedllchen Volumen des Einlasskanal-Abschnitts 
(V) zwischen dem Einlassventil (13) und dem Kol- 
benventilmittel (16) entsprechen, und einer Position 
(c), die den ersten Einlasskanal (1 1 ) mit der Umge- 
bung parallel zu dem zweiten Einlasskanal ( 1 5) yer- . 
bindet. 

7. Brennkraftmaschine nach mindestens einem der 
Anspruche 1 bis 5, dadurch gekennzeichnet, daB 

das erste Steuen/entilmittel (16) ein Vielzahl'von 
Drosselventilen (16A, 16B. 16C) enthalt, die in Rei- 
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he In dem ersten Einlasskanal (11) zustromseitig 
von der Verbindung desseiben mit dem zweiten Ein- 
lasskanal (15) angeordnet sind, wobel jedes Dros- 
se(ventil.(16a, 16b, 16c) ausgetegt ist, den ersten 
Einlasskanal (11 ) In Reaktion auf eine Gaspedalbe- 
tatigung zum Steuern der Maschlne zu offnen und 
zu schlieBen. 

8. Brennkraftrnaschine nach mindestens einem der 
Anspruche 1 bis 5» dadurch gekennzeichnet, da5 

• das erste Steuerventilmlttel einen Kolbenmecha- 
nlsmus (50) zum Verandem des VAdlumens des Ein- 
lasskanal- Abschnitts (V), in welchem der erste Ein- 
lasskanal (11) mit dem zweiten Einlasskanal (15) 
verbunden ist, und ein in dem ersten Einlasskanal 
(11) zustromseitig von dem Kolbenmechanlsmus 
. (50) angeordnetes Drosselventil (16) enthalt. 

9. ' Brennkraftrnaschine nach mindestens einem der 

Anspruche 1 bis 5, dadurch gekennzeichnet, daO 
das erste Steuerventilmlttel ein Dreh-Steuen/entil , 
(16) enthalt. 

10. Brennkraftrnaschine nach mindestens einem der 
AnsprOche 1 bis 9, dadurch gekennzeichnet, da6 

ein drittes Steuerventll (30) in dem zweiten Einlas- 
skanal (15) zustromseitig von dem zweiten Steuer- 
ventilmlttel (17) zum Steuern der Luftstromung 
durch den zweiten Einlasskanal (1 5) In Reaktion auf 
die Qaspedalbetatigung zum Steuern der Maschlne 
vorgesehen Ist. 

11. Brennkraftrnaschine nach Anspruch 10, dadurch 
gekennzeichnet, da5 das dritte Steuerventll (30) 
in den Niedrig-Last-Bereich der Maschlne in Ab- 
hangigkelt von der Qaspedalbetatigung zwischen 
einer dem Leerlauf-Zustand der Maschlne entspre- 
chenden teilweise geoffneten Position und einer 
dem Obergang vom Niedrig-Last-Bereich zu dem 
Zwischen-Last-Bereich der Maschlne entsprechen- 
den vol! geoffneten Position einstellbar ist. 

12. Brennkraftmaschlne nach mindestens einem der 
Anspruche 1 bis 11, dadurch gekennzeichnet, 

daO ein Kraftsloff-Einspritzgerat (18) vorgesehen 
ist, urn Kraftstoft zustromseitig von dem Einlassven- 
tll (13) In die Einlasskanal- Anordnung (11. 15) eln- 
zusprltzen. 

13. Brennkraftrnaschine nach Anspruch 12, dadurch 
gekennzeichnet, daO das Kraftstoff-Einsprltzgerat 
(18) dem ersten Einlasskanal (11) zugeordnet ist. . 
um Kraftstoff abstromseltig von dem ersten Steuer- . 
ventllmlttel (17) In denselben einzusprrtzeh. 

'1 4. Brennkraftmaschlne riach Anspruch 1 2 ode r 1 3, da- 
durch gekennzeichnet, daO eine Steuerung (60) 
vorgesehen ist, um das Kraftstoff-Elnspritzgerat 



(18) mindestens wahrend Niedrig-Last-Betriebsbe- 
dingungen zum Einspritzen von Kraftstoff zu steu- 
ern, wenn das Einlassventil (13) und das zweite 
Steuerventilmlttel (17) In ihren SchlieBpqsitionen 
s sind. 

15. Brennkraftmaschlne nach Anspruch 14. dadurch 
gekennzeichnet, daO eine Kraftstoff -Einspritzzeit- 
lange des Kraftstoff-Einspritzgerats in Reaktk)n auf 

10 die Maschinenlast eingestellt wird. 

16.. Brennkraftmaschlne nach mindestens einem der 
Anspruche 12 bis 15, dadurch gekennzeichnet, 

daO ein dritter Einlasskanal (70) vorgesehen ist, um 
IS Einlassluft zu einem Kraftstoff-Einspritzabschniti 
(18) des Kraftstoff-Einspritzgerats (18) zuzufuhren. 

17. Brennkraftmaschlne nach Anspruch 16, dadurch 
gekennzeichnet, da6 der dritte Einlasskanal (70) 
?o an seinem Ende an dem Kraftstoff-Elnspritzgerat 
(1 8) mit einer Duse versehen ist. 

1 6. Brenn kraftmaschine nach Anspruch 1 6 Oder 1 7, da- 
durch gekennzeichnet, daB ein viertes Steuer- 

25 ventil.(7.1) In dem dritten Einlasskanal (70) vorge- 
sehen Ist, um den Luftstroms dort hindurch zu steu- 

19. Brennkraftmaschlne nach Anspruch 18, dadurch 
30 gekennzeichnet, daO das vierte Steuerventll (71) 

durch die Einlass-Nockenwelle (7) betatigt wird. 

20. Brennkraftrnaschine nach Anspruch 1 8 oder 1 9, da- 
durch gekennzeichnet, da() das vierte Steu erven- 

35 til (71) wahrend einen Zeitraum geoffnet wird. der 
einem vorgegebenen Kurbelwellen-Drehwinkel 
entsprlcht, wenn das Einlassventil (13) sich in sei- 
ner geschlossenen Position befindet und bevor das 
zweite Steuen/entilmittel (17) in seiner geoffneten 

40 Position ist. 

21 . Brennkraftmaschlne nach Anspruch 1 8 Oder 1 9, da- 
durch gekennzeichnet, da6 eine an einem Elek- 

tromagneten zum Betatigen des vierten Steuerven- 
45 liis (71 ) angeschlossene Steuereinheit vorgesehen 
ist, um die Offnunqszeitlange und die Zeitgabe des 
vierten Steuerventils (71) enlsprechend dem Be- 
trieb des Kraftstoff-Einspritzgerats (18) zu steuern. 

50 22. Brennkraftrnaschine nach mindestens einem der 
Anspruche 18 bis 21, dadurch gekennzeichnet, 
daO eine Temperatur-Steuereinheit vorgesehen ist, 
lim das vierte Steuerventll (71 ) zu offnen. wenn eine 
Maschinenkuhlmlttei-Temperatur sk:h unter einem 

ss vorgegebenen Wert befindet, und das vierte Steu- 
erventll (71) zu schliefBen, wenn die Kuhlmittel- 
Temperatur hoher als der vorgegebene Wert Ist. 
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Revendicatlon$ 

1. Moteur d combustion interne du type k quatre . 
temps, comprenant : 

5 

un cyltndre (2) ayant un al6sage avec un piston 
(3) logd de fagon coullssante k Unt^rieur pour 
ddfinir une chambre de combustion, 
un disposltif formant passage d'aspiration (11 . 
1 5) pour introduire de I'air dans ladite chambre io 
de combustion et un dispositif formant passage 
d'^vacuation (12) pour ddcharger le gaz de 

; combustion de ladite cliambre de combustion, 
au moins une soupape d'admission (1 3) et une 
soupape d'6vacuation (14) pour ouvrir et fer- 
mar la communication dud it dispositif fomiant 
passage d'aspiration et d'dvacuation (11, 15 ; 
1 2) avec ladite chambre de combustion, 
ledit dispositif formant. passage d'aspiration 
(11, 15) 6tant dot6 d'un deuxidme moyen for- 20 
mant soupape de commande (17) dispose en 
amont de ladite soupape d'aspiration (13), pour 
ouvrir et termer le dispositif formant passage 
d'aspiration (11, 15) au moins partiellement, le- 
dit deuxi6me moyen formant soupape de com-- 25 
mande (1 7) 6tant buvert et f erm6 sensiblement 
et de fagon ariti-cyclique par rapport k la sou- 
pape d'adrnission (13), c'est;^-dire que ledit 

. deuxieme moyen formant soupape de com- 
mande (17) est ouvert lorsque ladite soupape 30 
d'admission (13) est ferm^e et est fermd lors- 
que ladite soupape d'admission (13) est ouver- 
te. 

un premier moyen formant soupape de com- 
mande (16, 50) qui est pr6vu pour modifier le 35 
volume d'une partie (V) du dispositif formant 
passage d'aspiration (11. 1 5) en amont de la- 
dite soupape d'admission (1 3) et en aval dudit 
deuxieme moyen formant soupape de com- 
mande (17). 40 

caract^ris^ en ce que 

ledit dispositif formant passage d'aspiration 
comprend un premier passage d'aspiration (11) 
en communication avec la chambre de com- 
bustion via la soupape d'admission (13) et un 
deuxieme passage d'aspiration (15) qui est en 
communication avec ledit premier passage 
d'aspiration (11) en amont de ladite soupape so 
d'admission (1 3), 

ledit deuxieme moyen formant soupape de . 
commande (17) est pr6vu pour ouvrir et femier 
le deuxidme passage d'aspiration (15) ouvrant 
dans ledit premier passage d'aspiration (11 ), le- ss 
dit premier moyen formant soupape de com- 
mande (16) est prdvu pour modifier le volume 
de ladite partie (V) du premier passage d'aspi- 



ration (11) comprenant la conimunication de 
celui-ci avec ledit deuxl^e passage d'aspira- 
tion (1 5) en reaction k un actlonnement de I'ac- 
c^ldrateur pour commander le moteur, 
ledit premier moyen formant soupape de com- 
nr^nde (1 6) peut dtre ajustd entre des positions 
(a) afin.de d6finir un falble volume de ladite par- 
tie (V) du premier passage d'aspiration (11) 
pourdes conditions de charge faible du moteur. 
et des positions (b) afin de ddfinir un grand vo^ 
lume de ladite partie fonnant passage d'aspira- 
tion (V) pour des conditions de charge interm6- . 
diaire du moteur. et une position (c) afin de met- 
tre en communication le premier passage d'as- 
piration (1 1 ) avec I'entourage paralldternent aii 
deuxieme passage d'aspiration (15) ou pour 
mettre en communication le premier passage 
d'aspiration (11) avec une premiere chambre 
d'aspiration (19A), abrs que le deuxieme pas- 
.sage d'aspiration (15) communique avec une 
deuxii&me chambre d'aspiration distincte (1 9B), 
pour. des conditions de charge dievde du mo- 
teur. . 

2. Moteur k combustion interne seton la revendication 
'1. caract^risd en ce que dans des conditions de. 
fonctionnement k charge faiblis, ledit deuxidme 
moyen formant soupape de commande (17) est 
dans sa position de fermeture lorsque ladite soupa- 
pe d'admission (1 3) est ouverte et dans sa position 
ouverte soit en penmanence, soit pour une pdriode 
correspondent d un angle de rotation pr^ddtermind 
de I'arbre-manivelle (A6), lorsque ladite soupape 
d'admission (13) est ferm6e. 

3. Moteur a combustion interne selon la revendication 
2, caracterisd en ce que ledit deuxieme nrK)yen for- 
mant soupape de commande comprend une sou- 
pape k champignon (17) actionnde par un arbre k 
came d'aspiration (7). 

4. Moteur k combustion interne selon la revendication 
1 ou 2. caractSrisd en ce que ladite deuxieme sou- 
pape de commande comprend une soupape de 
commande (17) actionn6e par un electro-aimanl k 
noyau plongeur (63) en reaction d un actlonnement 
de I'accelerateur pour commander le moteur. 

5. Moteur k combustion interne selon I'une au moins 
des revendications 1 k 4, caractdris^ en ce qu'un 
m^anisme rSgulateur (60) est prdvu pour ajuster 
le moment d'ouverture dudit deuxidme moyen for-, 
mant soupape de commande (17) au moins dans 
des conditions de faible charge du moteur en r6ac- 
tion k I'actionnement de racc616rateur. 

6. Moteur k combustion interne selon i'une au moins 
des revendiciations 1 k 5, caractdrisd en ce que ledit 
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premier moyen formant soupape de commande 
comprend un moyen formant robinet k piston (16) 
pouvant coulisser dans iedit premier passage d'as- 
piratlon (11) entre des positions (a, b) correspon- 
dant h diffdrents volumes de la parlie (ormant pas- . s 
sage d'aspiration (V) entre la soupape d'admission 
(1 3) et le moyen formant robinet k piston (1 6) et une 
•position (c) mettant en communication le premier 
passage d'aspiration (11) avec I'entourage paralld- 
lement au deuxidme passage d'aspiration (15). io 

7. Moteur ^ combustion interne seion Tune au molns 
des.revendicatbns 1^5. caractdrisd en ce que Iedit 

. premier moyen formant soupape de commande 
(16) comprend une plurality de soupapes d'^tran* is 

' glement (16A, 16B, 16C) dispos6es en s6rie dans 
Iedit premier passage d'aspiration (1 1 ) en amont de 
la voie de communication de celui-ci avec le deuxi^- 
me passage d'aspiration (15). chacune desdites 
soupapes d'dtranglement (16a, 16b. 16c) 6\anX so 
adaptdes pour ouvrir et termer le premier passage 
d'aspiration (11) en reaction k I'actionnement de 
racc|§l6rateur pour commander le moteur. 

8. Moteur ^ combustion interne selon I'une au moins 2S 
des revendications 1 k 5. caracterisd en ce que Iedit 
premier' moyen formant soupape de commande 
comprend un mecanisme h piston (50) pour modi- 
fier le volume de la partie formant passage d'aspi- 
ration (V) dans laquelle le premier passage d'aspi- 30 
ration (11 ) est en communication avec le deuxi^me 
passage d'aspiration (15) et une soupape d'^tran- 
glement (16) dlspos6e dans Iedit premier passage 
d'aspiration (11) en amont dudit m6canisme k pis- 
ton (50). 35 



9. Moteur a combustion interne selon I'une au moins 
des revendications 1 a 5, caracterise en ce que le 
premier moyen formant soupape de commande 
comprend une soupape de commande rotative 
(16). 

10. Moteur k combustion interne selon I'une au moins 
des revendications 1 k 9, caract^ris^ en ce qu'une 
troisieme soupape de commande (30) est prevue 45 
dans le deuxieme passage d'aspiration (15) en 
amont du deuxieme moyen formant soupape de 
commande (1 7) pour commander I'ecoulement d'air 
dans Iedit deuxidme passage d'aspiration (15) en 
reaction k I'actionnement de I'acc^l^rateur pour so 
commander le moteur. 

1 1 . Moteur k combustion interne selon la revendication 
•10. caract^ris^ en ce que ladite troisidme soupape 
de commande (30) est r^glable dans la plage de ss 
faible charge du moteur en reaction k Pacttonne- 
ment de racc6l6rateur entre une position partielle- 
ment ouverte correspondant k la condition de mar- 



che k vide du moteur et une position totalement 
ouverte correspondant k la transition de la plage de 
faible charge k la plage de charge intermddiaire du 
moteur. 

12. Moteur k combustion interne selon I'une au moins 
des revendications 1^11. caract^ris^e en ce qu'un 
dispositif d'injection de carburant (18) est prdvu 
pour injecter du carburant dans le dispositif formant 
passage d'aspiration (11. 15) en amont de la sou- 
pape d'admission (1 3). 

1 3. Moteur k combustion interna selon la revendication 
12. caract^risd en ce que le dispositif d'injection de 
caiburant (18) est associd au premier passage 

. d'aspiration (1 1 ) pour injecter du carburant dans ce- . 
lui-l^ m§me en aval du premier moyen formant sou: 
pape de commande (17), 

14. Moteur k combustion interne selon la revendication 
1 2 ou 1 3, caract6ris6 en ce qu'un mecanisme rbg u- 
lateur (60) est pr6vu pour commander le dispositif 
d'injection de carburant (isyafin d'injecter du car- 
burant au moins pendant des conditions de fonc- 
tionnement k faible charge lorsque la soupape d'ad- 
mission (1 3) et (e deuxieme moyen formant soupa- 
pe de commande (17) sont dans leurs positions de 
fermeture. 

15. Moteur k combustion interne selon la revendication 
14. caract6ris6 en ce qu'une pdriode d'injection de 
carburant du dispositif d'injection de carburants est 
ajust^e en reaction k la charge du moteur. 

16. Moteur a combustion interne selon I'une au moins 
des revendications 12^15, caracterise en ce qu'un 
troisieme passage d'aspiration (70) est pr§vu pour 
alimenter en air d'aspiration une partie d'injection 
de carburant (18a) dudit dispositif d'injection de car- 
burant (18). 

17. Moteur ci combustion interne selon la revendication 
16, caract§ris6 en ce que iedit troisieme passage 
d'aspiration (70) est dot6 d'un orifice k son extrdmi- 
te au niveau du dispositif d'injection de carburant 
(18). 

18. Moteur a combustion interne selon la revendication 
16 ou 17. caract^risd en ce qu'une quatri^me sou- 
pape de commande (71 ) est prevue dans Iedit troi- 
sieme passage d'aspiration (70) pour commander 
i'ecoulement d'air le traversant. 

1 9. Moteur k combustion interne selon la revendication 
18, caracterise en ce que ladite quatrierne soupape 
de commande (71 ) est actionnee par I'intermediaire 
de I'arbre k came d'aspiration (7). 



28 



55 



EP0 690 214 B1 



20. Moteur ^ combustion interne selon ta revendication 
18 ou 19. caract^risd en ce que ladite quatridme 
soupape de commande (71) est ouverte pendant . 
une p^rlode correspondant ^ un angle de rotation 
pr^^termind de Tarfore^nnanivefle lorsque ia soupa- s 
pe d'admission (13) est dans sa position fermde et 
avant que le deuxidme moyen formant soupape de 
confimande (17) sott dans sa position ouverte. 

21. Moteur d combustion interne sebn la revendication ip 
18 ou 19, caractdrisd en ce qu'une unitd de com- 
mande connect^e k uh dlectro-airriant k noyau 
ptongeur destind ^ actionner ia quatri6me soupape 

de commande (71 ) est pr6vue pour commander la . ' ' 
p6riode d'ouverture et le chronom6trage de ladite is : 
quatri^me soupape de comnr^ande (71) conformd- 
ment au fonctionnement du dispositif d injection de 
carburant (18). 

22. Moteur d combustion interne selon Tune au moins so 
des revendications 18 ^21, caract6ris6 en ce 
qu*une unit6 de commande de la temperature est 
prdvue pour ouvrir . ladite quatri^me soupape de 
commande (71) lorsqu'une temperature de refroi- 
dissement du moteur est inf6rieure k une valeur 
pr^etablie et pour termer ladite quatri^me soupape 

de commande (71) lorsque ladite temperature de 
ref roidissement est supdrieure d ladite valeur pree- 
tablie. 
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